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The present thesis, comprises three types of studies on 
pericardial membrane. The contents of the work have been 
further simplified by artificially splitting them into three 
parts to make the discussion and analysis more meaningful. 
In part one, the biophysical studies have been 
described. The different thermodynamical parameters such as, 
transport number, o^, ^ , effective fixed charge density and 
permselectivity of pericardial membrane in contact with 
various 1-1, 2:1 and 3:1 electrolytes have been evaluated 
from the membrane potential measurements by utilizing the 
recently developed methods of Kobatake et al. and Nagasawa 
et al. based on the thermodynfiunics of irreversible processes. 
The values of membrane potential measured across the 
pericardial membrane with the use of NaCl, NaF, KCl, KF, 
NH4CI, ZnClg, MnCl2. CuClg, NiClg, CoClg, CaCl2 and CrCl3 
have been found negative, provided the concentrated side was 
hooked up to the positive terminal while the dilute side to 
that of the negative terminal. Such an observation suggests 
that the pericardial membrane is positively charged and 
anion selective. 
Kobatake and others derived an equation for membrane 
potential on the fixed charge concept by utilizing a number 
of basic assumptions. The two limiting forms of the equation 
were derived and used for the evaluation of fixed charge 
density of the membranes. It was interesting to note that 
the theoretical predictions were borne out quite 
satisfactorily by our experimental results with buffalo 
(Bof. buballs) pericardium. 
The equation representing the degree of permselectivity 
of membrane electrolyte system derived by the use of 
empirical expressions of the activity coefficients and 
mobilities of small ions in charged membranes, have been 
applied to pericardial membrane. Based on permselectivity, a 
simple method for the determination of the effective fixed 
charge density, was applied to pericardial membrane. The 
permselectivity and charge density of the membrane were 
determined and the applicability of Kobatake's equation to 
this system were tested and confirmed. 
The recent theory of membrane potential ( A0 or Em) 
developed by Nagasawa et al. based on the thermodynamics of 
irreversible processes was also applied for the evaluation 
of thermodynamically fixed charge density of the membranes. 
The charge density values of the buffalo pericardium 
have been found to be of the order of 10"^ mole/dm*^ of the 
imbibed solution. The values evaluated by utilizing 
different methods are found almost the same. It is 
therefore, concluded that the different theories developed 
for the evaluation of fixed charge density of synthetic 
membranes can also be applied to biological membranes. 
In part second, the characterization of biochemical 
components from buffalo pericardium and calcium uptake study 
by bovine and porcine pericardium have been described. Total 
lipid of buffalo pericardium were extracted by the method of 
Folch et al. The constituents of total lipid fractions (viz; 
free fatty acid, cholesterol, phospholipid and triglyceride) 
were resolved. Free fatty acids constituted the major 
components of the membrane followed by cholesterol. The 
least of all the constituents is the triglyceride fraction. 
Estimation of different trace elements have been 
performed by atomic absorption spectrophotometry in bovine 
and porcine pericardium. Calcium, magnesium, zinc and iron 
have been found in high quantity (about 90%) in both bovine 
and porcine pericardium. Calcium has been found as 30 to 35% 
of the total elements estimated in bovine and porcine 
pericardium. The other trace elements found in pericardium 
are lead, cobalt, nickel, maganese, copper and chromium. 
Calcium uptake studies were carried out with a view to 
examine the effect of immersion of pericardial tissue in 
solutions containing different concentrations of calcium as 
well as to know if there was any species differences in 
handling of calcium by the pericardium. Our studies which 
were carried out for a period of 7 days, revealed that there 
was a trend towards increase in calcium level of both the 
bovine and porcine pericardium after immersion into calcium 
containing fluid over 1-7 days. 
The handling of calcium by the pericardial tissue 
dependent not only on the species (bovine/porcine) but also 
on the concentration of the bathing fluid. The overall 
calcium level by porcine pericardium was higher when 
immersed in Ringer's + calcium chloride solution but with 
calcium chloride solution alone the bovine pericardium 
showed higher levels. 
The third part of the thesis, includes the histological 
examination of buffalo pericardial membrane under light 
microscope and surface study of pericardium under scanning 
electron microscope. The light photomicrograph of the 
specimens show the presence of squamous epithelial lining, 
blood vessels, nerves, sub-epicardial space, collagen 
fibers, and fibroblasts cells. The surface view of the 
pericardial specimens show the presence of wavy collagen 
fibers, cris-cross bundle of fibers, thin fibers, white 
fibers, scattering dark spaces and large diameter of fibers. 
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INTRODDCTION 
The present work was carried to study certain 
biochemical, histopathological and thermodynamical 
properties of pericardium. The biochemical parameters 
included estimation of total lipids, cholesterol, 
phospholipid, triglyceride free fatty acid and trace metal 
elements viz.; Nickel, Cobalt, Copper, Chromium, Iron, 
Zinc, Manganese, Calcium and Magnesium. Estimation of 
calcium also included calcium uptake by porcine and bovine 
(buffalo) pericardium. Histological studies were mainly 
directed to scanning electron microscopic examination of 
bovine pericardium. However, routine histological 
examination of pericardium stained with Hemotoxylin and 
Eosin (HE) was also performed. 
Main emphasis was given to the thermodynamic study of 
pericardium based on the laws of irreversible thermodyneunic 
developed by Kobatake et al. (86,97) and Nagasawa et al. 
(98). 
The experimental set up has been shown in figure 1 and 
explained in detail under heading "Materials and Methods". 
Briefly, it may be mentioned that a piece of pericardial 
membrane measuring approximately 2 cm in diauneter was 
removed immediately after the animal was slain and put in 
Ringer's solution to ensure its viability. It was later 
z 
interposed between two glass chambers containing the same 
electrolytic solutions with different concentrations. The 
electrical potential generated across the membrane was 
recorded and transport number, effective fixed charge 
density and permselectivity were calculated on the basis of 
the laws of irreversible thermodynamics. 
The rationale for this plan of work is as follows: 
1. Kobatake et al. and Nagasawa et al. developed certain 
theories of membrane potential based on non-equilibrium 
thermodynamics for synthetic membranes, such as ion-
exchanger membranes, bilayer lipid membranes etc. prepared 
in laboratories from various chemical substances. The 
transport of ions across these artificial membranes were 
found to be governed by these laws of irreversible 
thermodynamics which has been confirmed by the investigators 
world over. Since the ultimate aim of the fundamental 
research is its application in the services of the mankind, 
it is natural to exaimine the applicability of these laws of 
irreversible thermodynamics to biological system. 
Unfortunately, however this aspect did not receive the due 
attention of scientist that it deserved. The reason for this 
was mainly the lack of interaction between biologists and 
physical chemists. Experimental model for study of 
irreversible thermodynamics designed by various 
investigators consisted of separation of two solutions by a 
sheet of artificial membrane. Some physical chemists 
isolated the egg shell membrane by dissolving the egg shell 
with weak acid in an attempt to obtain a biological membrane 
of sufficient area to be able to conduct thermodynamical 
studies. But the chemical nature of the membrane got altered 
on treatment with weak acid and the results could not be 
applied to living tissues. Ussing (144-145, 171) tried to 
examine the applicability of the laws of irreversible 
thermodynamics with the help of frog skin. But the frog skin 
was too thick to be a suitable structure for such studies. 
Biological chemist on the other hand concentrated 
mainly on studies on biochemical, metabolic and histological 
studies on isolated cell membranes. But the irreversible 
thermodynamical studies were not possible on isolated cell 
membranes because, for such studies a thin sheet of membrane 
was required to suit the experimental set up developed by 
Kobatake et al. 
We, therefore, opted to compromise between these two 
extremes - viz; relatively thick frog skin and 
inappropriate size of isolated cell membrane by conducting 
the thermodynamical studies on pericardial membrane which is 
quite a thin structure as compared to frog skin and also 
available in the form of a sheet to suit the experimental 
set up developed by Kobatake et al. 
2. The importance of characterizing the composition of 
biological membrane and its behaviour are obvious. Such 
studies will be of great clinical significance. The 
biological membranes not only form covering of various 
cells, tissues and organs but also govern the movement of 
nutrients, toxins and other substances across the membrane. 
Any change in the structure and function of a membrane will 
adversely affect the integrity of the cell and ultimately, 
that of the living organism itself. Unfortunately, the laws 
of irreversible thermodynamics which are expected to 
influence this critical function of cell membrane could not 
be undertaken because of want of inappropriate experimental 
model as has been explained above. 
Obviously, studies on pericardial membrane can not be 
transpolated in toto to the function of individual cell 
membrane and this is the limitation of such studies. But 
such studies on pericardial membrane will definitely form a 
better model as compare to frog skin for studies on 
biological system, and such studies will definitely throw 
light on the behaviour of biological membrane as compared to 
artificial membranes. 
3. Pericardium is a sac like structure consisting of 
fibrous tissues and cells and surrounds the heart. Apart 
from affording support to the heart it also influences 
movement of fluid and other substances in the pericardial 
sac. Pericardium has been used to make bioprosthetic heart 
valves. In many cases, specially in children, it has been 
observed to get calcified, thus, limiting the scope of 
pericardial valves. Because of these significance, 
pericardium was selected as a very suitable membrane for 
examination of thermodynamical properties. 
4. The functional behaviour of biological membrane will be 
influenced by its chemical composition and structure. 
Unfortunately the biochemical composition of percardium has 
not received due attention with this aspect in mind. Routine 
light microscopic structure of pericardium is well known but 
the electron microscopic structure of pericardium has not 
been studied in detail. Such studies are specially lacking 
on bovine pericardium. Since bovine pericardium will be a 
b 
very suitable structure for conducting the thermodynamical 
studies, it was considered appropriate to examine light 
microscopic and electron microscopic structure of bovine 
pericardium and to characterize its biochemical nature. We 
have confined our studies to examination of the surface of 
the bovine pericardium (scanning electron microscopic 
studies) which will be important for its transport function. 
For biochemical studies we have selected the parameters 
which are most likely to influence the transport function as 
well. 
5. During the course of our studies we observed that 
pericardium imbibes calcium from the immersing fluid. We 
also noted from the literature that pericardial 
bioprosthetic valves (which are usually obtained from 
porcine pericardium) get calcified with the passage of time. 
We wanted to know whether this calcification is species 
related or not. The plan of these experiments has been 
described in detail under 'Materials and Methods' and the 
findings are discussed under 'Results and Discussion'. 
6. We have also described the difficulties and limitations 
of our experimental model, but the results are significant 
and we hope that the findings of this work will form the 
basis for future research on this important and interesting 
field of irreversible thermodynamics with respect to 
biological membranes. 
A detail review on these aspects has been presented. 
The results have been critically analysed under 'Results and 
Discussion'. 
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2.1 MEMBRANES 
A precise and complete definition of the word 
'membrane' is difficult to make (1); and any complete 
definition given to cover all the facets of statement will 
be incomplete. It is described in simple terms "as a phase, 
usually heterogeneous, acting as a barrier to the flow of 
molecular and ionic species present in the liquids and/or 
vapour contacting the two surfaces'. The term heterogeneous 
has been used to indicate the internal physical structure 
and external physicochemical environment (2-7). 
A "membrane" according to a useful definition, is a 
solid or liquid film or layer with a thickness which is 
small compared to its surface. 
In the case of ion-exchanger membranes, a broader 
definition has come into use. It includes any ion-exchange 
material, irrespective of its geometrical form, which can be 
used as a separation wall between two solutions. Many common 
ion exchanger membranes are planer disks about 1 mm in 
thickness. However, cylindrical plugs (8-9) or single loads 
glazed into frames (10) are also called membranes. 
One very important and fundamental contribution to the 
study of membranes came from Donnan (11) whose pioneering 
work on membrane equilibria has given quite new dimensions 
to these studies. 
9 
Membranes of varying degrees of permeability and 
semipermeability occur universally in plant and animal 
organisms, constituting there one of the fundamental devices 
which regulate the exchange of material and, thus, the flux 
of life. Membrane can thus be classified in two types as 
artificial and biological neBbranes. 
2.1.1 ARTIFICIAL MEMBRANE ^ 
Ion-exchanger membranes combine the ability to act as a 
separation wall between two solutions with the chemical and 
electrochemical properties of ion-exchangers. The most 
important of these are the pronounced differences in 
permeability for counter ions, co-ions, and neutral 
molecules, and their high electric conductivity. Two 
different types of ion-exchanger membranes are in use. They 
are often called "homogeneous" and "heterogeneous" 
membranes. "Homogeneous" membranes are coherent ion-
exchanger gels in the shape of disks, ribbons, etc. Their 
structure is that of the usual ion-exchanger resins. They 
are homogeneous only in dimensions which are large as 
compared to the mesh width of the matrix. "Heterogeneous" 
membrane consist of colloidal ion-exchanger particles 
embedded in an inert binder (polystyrene, polyethylene, wax 
etc.). Their mechanical stability is superior, but their 
10 
electrochemical properties such as conductivity and barrier 
action are not as good as those of the homogeneous membranes 
(12). For scientific investigations, homogeneous membranes 
have been preferred even In the past because of their more 
uniform structure. 
2.1.1.1 STODIES ON ARTIFICIAL MEMBRANES 
Transport phenomena such as permeation and membrane 
potential across synthetic membranes have received a great 
deal of attention in the last two decades, because of its 
tunpteen importance in elucidating the permeabilities of ions 
through biological membranes. Consequently, there is a 
increasing tendency to study the model membranes which mimic 
some of the properties of biomembranes. There are also many 
biologically important substances which resembles the 
membranous structure of the living cells membrane. Attention 
has been paid to focus on these structures in order to 
determine their properties like permeability, membrane 
potential, conductivity etc. 
Complex membranes have been prepared by Liquori et al. 
(13-15), Hays (16), De Korosy (17), Lakshminarayanaiah and 
Siddiqi (18-20), Siddiqi et al. (21-25), Beg et al. (26-30). 
Several authors (31-35) have investigated membrane 
11 
potentials and permeation of salts and evaluated the 
experimental data on the basis of TMS theory. Kobatake and 
co-workers (35-38) have derived an equation from the 
membrane potentials data and fluxes of the salt, for the 
charge density, mobilities and selectivity coefficients of 
ions. Denish and Pusch (39) has calculated the membrane 
potential and resistance for binary and ternary electrolyte 
system in ion exchange membranes. Minoura and Nakagawa (40) 
has also measured the membrane potentials of poly (*v 
aminoaclds) membranes. Kinoshita et al. (41) studied the 
ionic salt permeabilities and membrane potentials of charged 
polypeptide membranes. Vink (42) also measured the membrane 
potential and diffusion of sodium chloride in cellulose 
membranes and interpreted the results, using modified 
Nernst-Plank equation. Kimura et al. (43) also studied the 
membrane potentials of carboxy methyl and carboxy ethyl 
cellulose membranes. Koh and Silverman (44) discussed the 
transport of hydroxide ions in Nafion membranes, based on 
the heterogeneous membrane model carrying narrow 
capillaries. Srivastava (45) reported the results and 
obtained the permeability of surfactants solutions across 
synthetic membranes and evaluated the thermodynamic 
parameters of diffusion. Srivastava et al. (46,47) recently, 
12 
has studied the permeability properties of different 
artificial membranes and evaluated the fixed charge density, 
apparent anion mobility and transference numbers of counter 
ions. Singh et al. (48) measured the membrane potentials 
across ion exchange membrane at different concentrations of 
aqueous NaCl and BaCl2 sol^ 'tion, with a view to examine the 
linear phenomenalogical equation based on the principle of 
non-equilibrium thermodynamics. Kenneth Alonso (49) made an 
investigation about the movement of inorganic salts, amino 
acid, amino acid derivative and glucose across ion exchange 
membrane which served as a model system to exeunine the 
phenomenon of exchange transport. Bassignana and Reiss (50) 
have studied the ion transport through one of the interfaces 
(electrical double layer) between an infinitely thin ion 
exchanger membrane and electrolyte solution. Nakdgaki and 
Kingi (51) also determined the experimental membrane 
potential and charge density values of cellulose membrane. 
Mailick et al. (52) had evaluated the permeability and 
membrane potential for various electrolytes through 
parchments supported membranes and it was concluded that at 
higher concentration, selectivity of the membrane decrease, 
resulting there by marked decrease in membrane potential and 
increase in the membrane permeability values. Toyoshima et 
13 
al. (53, 36) developed a theory of electrical resistance, 
membrane potential and permeability of charged membranes 
immersed in a solution of uni-univalent electrolytes. 
Higuchi and Lijima (54) has also measured the membrane 
potential and permeability of NaCl in ion exchanger 
membranes. Benavente (55) measured the membrane potentials 
of cellophane membrane, using different electrolyte solution 
of NaCl, KCl, MgCl2 and CaCl2 and evaluated the charge 
density of the membrane and transport number of counter ions 
by analysing the experimental data on the basis of TMS 
theory. Benavente and Fernandez (56) also has measured 
membrane potentials across porous membranes and calculated 
the transport number of cations based on irreversible 
thermodynamic processes. Siddiqi et al. (57) worked on 
parchment supported membranes and emphasized that the 
effective fixed charge density is the most important 
parameters governing the transport phenomena in membranes. 
The charge density and other parameters were also evaluated 
by applying the different method viz. TMS, Altug and Hair, 
and Kobatake et al., based on irreversible thermodynamics. 
Kikuchi and Kubota (58) observed the active and selective 
transport of K"^  and Na"*" in the polyelectrolyte complex 
membranes. Chakravarti et al. (59) has also evaluated the 
14 
fixed charge density of cation exchange membranes by 
applying different methods. Ibanez et al. (60) has obtained 
a modified method based on the Gouy-Chapman double layer 
potential, applied to nucleopore membrane for the 
determination of charge densities. 
• 
When a membrane separates two electrolyte solutions 
with a common anion but with different cations at the same 
equivalent concentration, the membrane potential thus 
generated between the two sides of the charged membrane is 
called bi-ionic potential. Mackay and Hears (61), Toyoshima 
and Nozaki (62) and Tasaka et al. (63) proposed a theory for 
the salt concentration dependence of the bi-ionic potential, 
based on the principles of non-equilibrium thermodynamics. 
Beg et al. (64) studied on inorganic precipitate membranes, 
and evaluated the effective fixed charge density and 
compared the theoretical bi-ionic potential with 
experimental one. Tasaka et al. (65) performed the 
measurements of bi-ionic potential across the cation 
exchange membranes for KCl-NaCl and KCl-LiCl systems. An 
increase in the membrane potential was observed with the 
increase of electrolyte concentration. 
Phospholipid membranes have recently been the subject 
of intensive research as a model for studying the structure 
15 
and functions of biological membranes. Mueller et al. (66-
67) prepared the bimolecular lipid membranes (BLM) which has 
been used as a model by various investigators. Since then 
several investigators (68-70) who have observed the membrane 
potentials produced by the ion concentration gradient across 
phospholipid membranes. 
Chock and Titus (71) have described the mechanism of 
ion transport through biological and artificial membranes 
and discussed the effect of alkali cation on enzymic 
activity and Na-dependent transport of polar organic 
substances. Ohki and Saure (72) measured the surface 
potential of phosphatidylserine monolayers in the presence 
on concentrations and determined the 
way of binding of these divalent ions to the membrane 
surface. Tripathi et al. (73) measured the EMF and current 
across model membranes made of different types of 
phospholipids, for chloride salts of sodium, potassium and 
calcium at varying concentration and evaluated the transport 
number of ions, permselectivity and ionic fluxes. 
2.1.1.2 THEORIES OF MEMBRANE POTENTIAL 
Various theories have been proposed from time to time 
to account for the permeability phenomena in artificial 
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membrane. Michaelis (74) and his co-workers in twenties and 
early thirties has tried to characterize the permeability of 
dense membrane in terms of electrical potentials measured in 
a solution-membrane-solution system. 
Teorell (75) and later Meyer and Sievers (76) 
independently put forward identical theories which assume 
that the membrane itself has a fixed charge due to either 
absorption or dissociation. The physical essence of the 
fixed charge theory of TMS can be stated qualitatively in 
the following way. 
According to the fixed charge theory, the walls of the 
pores of the membranes carry internally a definite number of 
potentially dissociate groups; anionic (acidic) groups such 
as carboxylic groups in case of electronegative membrane and 
cationic (basic) such as amino groups in the case of 
electropositive membranes. These dissociable groups are an 
integral part of the membrane structure. 
According to Teorell (77) the essential feature of the 
original fixed charge theory was the assumption that over 
all membrane potential was composed of three potential 
jumps, two Donnan potentials at each solution-membrane 
interface (here denoted by 7^ ^ and ^ 2) ^^<^ one residing 
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inside the membrane (the internal potential or dividing 
potential denoted by (02-0j^). The total membrane potential 
(Em) is given by: 
Em - ( A^ + A2) + (02-0l) 
The electrical potential arising across an ionic 
membrane separating different salt solutions are usually 
measured by constructing the cell of the type: 
S.C.E, Solution membrane Solution S.C.E. 
Electrode 
Potential 
Donnan 
Potential 
Donnan 
Potential 
Electrode 
Potential 
Diffusion 
potential 
The theoretical approaches made to calculate the emf's 
of cell described above according to Lakshminarayanaiah (78) 
fall under the three groups. 
1. The idealized theory of TMS (75-77) and its refinements 
(79-80). 
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2. The pseudo thermodynamic approach due to acatchard (81-
82) and the treatment based on the thermodynamics of 
irreversible processes (83-86). 
3. A kinetic approach based on the theory of absolute 
reaction rates (87-88). 
The earliest systematic measurements of membrane 
potential were made by Michaelis (89) and were later 
considerably added to by Sollner and Gregor (90), Marshall 
(91), and by Marshall and Ayers (92) who used colloidian and 
Zeolite membranes, respectively. Wyllie and Patnode (93) 
used heterogeneous membranes made by imbedding ion exchange 
resin beads in inert binders and measured membrane 
potentials. 
If fixed charges in the membrane are uniformly 
distributed and in the case of dilute solutions activities 
are substituted by concentrations, the following expression 
is obtained for the membrane potential (94), 
RT C. (X^  + 4 C. 2)1/2 + X 
A0 = W In W In ---" 
F Cg (X^  + 4 Cg2)l/2 + X 
(X2 + 4 C^2)l/2 - w UX 
+ U In ^- [1] 
(X^ + 4 C^2)l/2 _ w UX 
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Here W = +1, or -1, for anoinic or cationic membranes 
respectively. X is the fixed charge density in the membrane. 
Besides we use the pareuneter 
U = (D+ - D_) / (Z+ D+ + Z_ D_) 
Vniere D+ and D_ are diffusion coefficient of cation and 
anion, Z^ and Z_, their valencies, respectively. 
Ci and Ce are the concentrations of the solutions 
separated by the membrane. R is the gas constant, and F is 
the Faraday number. 
Different approximations can be made in equation [1], 
which depend on the fixed charge density value X, (95): 
(i) If X >> Cg, then 
RT C 
A0 = ± — In (---), 0, > C, [2] 
In this case, Nernst's equation is obtained for the membrane 
potential. 
(ii) If X << Cg, then 
RT f* 
A0 = — U In (---), C^ > Cg [3] 
F C^ 
0 ' 
i.e. a linear relation between A0 and In (C^/Cg) has been 
obtained. In this case U is proportional to the slope of 
this straight line. 
Z^ D+ Z_ D_ 
t+ = , t_ = 
Z+ D^ . - Z_ D_ Z_ D_ - Z+ D^ . 
the factor U can be written as; 
t+ t_ 
U = - [4] 
1 7 1 I 7 < 
I " + I I " - I 
From equations [3] and [4], the following expressions for 
the membrane potential for each kind of electrolyte result: 
RT Ci 
1:1 electrolyte : A0 = --- (2t^ . - 1) In ( ---) [5] 
F C^ 
RT 3t+ C. 
2:1 electrolyte : A0 = --- ( - 1) In ( ) [6] 
Ce 
RT 4t+ C. 
3:1 electrolyte : A0 = --- (-— - 1) In (—-) [7] 
F 3 C^ 
Kobatake et al. (86) deduced the following equation for 
the electric current density Ic, relative to the frame of 
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reference fixed to the membrane, using the basic flow 
equations provided by the thermodyncimics of irreversible 
processes. 
d0 dlna+ 
Ic = F (I.e. + 1_C_) RT (1+C^ . 
dX dX 
dlna_ 
- 1_C_ + F (C+ - C_) Um [8] 
dX 
Here 0 is the electric potential, C^ and C_ are 
concentrations of +ve and -ve ions in moles per cubic 
centimeter of solution, a^ . and a_ are activities of positive 
and negative ions in moles per cubic centimeter of solution, 
1^  and 1_ are mobilities of +ve and -ve ions defined in 
terms of the mass fixed frame of reference, Um is the 
velocity of the local centre of mass, R is the molar gas 
constant, T is the absolute temperature of the system and F 
is the Faraday constant. 
For the evaluation of Um, the viscous force acting on 1 
cm of solution in the membrane is represented by (1/K) Um, 
where K is a constant. The same volume of soluti6n undergoes 
an electric force which is represented by 
:2 
d0 
- F (C. - C_) [9] 
dX 
In the steady state, the sum of these two forces is 
zero, so that 
d0 
Um = - KF (C+ - C_) [10] 
dX 
Kobatake et al. (86) for convenience have considered a 
membrane which is ionized negatively with a charge density 
(in moles/cc). Then the requirement that the electric 
neutrality must be realised in any element of the membrane 
gives the relation 
C^ . - C_ = e [11] 
Since in the system considered here, no electric 
current is applied externally across the membrane, no net 
charge is transported from one side of the membrane to the 
other. This means that Ic must be zero at a cross section of 
the membrane. Substituting equations [10] and [11] into 
equation [8], putting Ic equal to zero, and solving for 
d0/dX the following expression is obtained 
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RT (dlna^ .) (dlna_) 
[ 1+ (C_ + e ) 1_ C_ 
d0 F dX dX 
___ , [12] 
dX (1+ - 1_) C_ + 1+ e + KF0^ 
To proceed further, the activities a^. and a_ must be 
known as function of C_. 
Assuiaptions for a^ and a_ 
Kobatake et al. have assumed the following relation 
a^. = C_ 
a_ = C_ [13] 
and y+ = C_/(C_ + e ) 
Y- = 1 [14] 
Where Y+ ^^^^l Y- ®^® "the activity coefficient of +ve and 
-ve ions in the membrane. 
Equation For Meabrane Potential 
With equation [13] and [14] assumed for a^ . and a_, 
equation [12] becomes 
d0 RT (1+ - 1_) C_ + 1^ . e dC_ 
__ = - (___) (_._) 1^53 
dX F [(1+ + 1_) C_ + 1+ e + KFe"^ ] C_ dX 
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When the bulk solution on both sides of the membrane is 
vigorously stirred, no potential gradient is set up, so that 
the desired membrane potential A0 is obtained by 
integrating d0/dX over the thickness of the membrane, we 
have 
RT 1 Co 1 (Co W/9«) 
A0 = - ( — ) (ft- In — ) - (1 + -.- - 2^ ) X In [16] 
F '^  Cj ^ (Cj +^ 6^) 
where o6 = !+/(!+ " 1-) [17] 
KFe 
and P = 1 + ( ) [18] 
U 
Here, 1^ , and 1_ are the mobilities of the positive eoid the 
negative ions, respectively, defined in terms of the mass 
fixed frfiune of reference, K is a constant, 0 is the charge 
density, and F is the Faraday constant. These parameters are 
found to be independent of salt concentrations, C^  and Co. 
Kobatake et al. (86) have derived two useful limiting 
forms of equation [16]. Vfhen C2 becomes sufficiently small 
with T fixed; equation [16] may be expanded to give equation 
[19] 
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1 - ^ - 1 1 , ^ 2 
F A0 
where j A0r I = [20] 
R T 
It has also been shown by Kobatake et al. that at a 
fixed ^ , the inverse of an apparent transport number 
(tapp) co-ion species in a negatively charge membrane is 
proportional to the inverse of the concentration C2 in the 
region of high salt concentration. Here tapp is defined by 
the relation: 
1 A0r 1 = (1-2 tapp) Inf [21] 
Substituting for A0 from equation [16] and expanding the 
resulting expression for 1/tapp in powers of I/C2 gives 
equation [22]. 
1 1 (1 + fi-2o^fi) ( ir'-l)o6 e 
tapp (I-06) 2 (1 -o<;)'^ InT Cp 
Kobatake et al. (86) employed another equation [23] for 
membrane potential, starting with the basic flow equation 
provided by the thermodynamics of irreversible processes and 
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using a different set of assumptions namely (a) the 
contribution of mass movement is negligible (96) and (b) 
small ions do not behave ideally in charged membrane. 
RT Co x/4C2^  + 0^ x2 + (ao^ -^l) 0X 
^ 0 = - -- In -' (2<^-l) In .-- --^ 
F Ci V^C^l + ^^ + (2o^-l) 0X 
- InV--;: [23] 
MCg^ + 0^x2 + 0X 
V 4Ci^ + 0^2 + 0X 
Where 0 is a characteristic factor of the membrane 
electrolyte pair and represents fraction of counterions not 
tightly bound to the membrane skeleton. The product 0X is 
termed the thermodynamically effective fixed charge density 
of a membrane. Kobatake et al. (86) have proposed a simple 
method using the following approximate equation for the 
diffusive contribution to the emf.of a cell with transport. 
RT Co 
A0 = - -- (1- 2 Tapp) In --- [24] 
F Ci 
Where Tapp is the transference number of ions in the 
membrane phase, comparison of equations [23] and [24] gave, 
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In ( — - — - ) 
1-26L v/4 lEr^ ^ + 1) + zoC-l 
Tapp = • 
2 I n r 
\/4 ^ 2 + 1 + 1 
In (7—0 ) 
+ _^_i [25] 
2 In-r 
C 
where ^ = 
0X 
On the other hand (97) the mass transference number of 
co-ions in the negatively charged is given by 
sfi^ 2 + 1) + 1 Tapp =1-06 [26] 
y ( 4 ^ ^ + 1) + (2o^-l) 
Where ^ and 06 stands for relative concentration as 
C u 
defined by and respectively. 
0X u+v 
Using certain equations proposed by Kobatake and Kamo 
(97) for the activity coefficients, mobilities of small ions 
in the membrane phase and the equilibriiim condition for 
electrical neutrality. Practically, the difference between 
Yapp and Tapp was found to be less than 2% within the wide 
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range of salt concentration (97). If q^ ^^ pp is replaced by 
Tapp and C by (C^ ^ + C2 )/2 and equation [19) is rearranged, 
the permselectivity (Ps) is obtained by the following 
expression. 
1 [ 1 - Tapp - «^ ] 
= = Ps [27] 
(4 + 1)^/2 [• ^ _ (2«^-l) (1 - Tapp) ] 
Here Ps is a measure of permselectivity of the membrane 
electrolyte system. 
In the case where a positively charge membrane is 
concerned, Kobatake et al. (97) have derived another 
equation [28] to define permselectivity (Ps) for a 
positively charged membrane. 
[Tapp - (1-0^)] 
Ps = |-28] 
[1 -o6-(l-2o^) Tapp] 
Here Ps is a measure of permselectivity for positively 
charged membrane. 
Nagasawa et al. (98) derived an equation for membrane 
potential existing across a charged membrane. The total 
membrane potential A0 was considered as the sum of 
diffusion potential A0d of inside the membrane and the 
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electrostatic potential difference A0e between the membrane 
surface and the electrolyte solutions on both sides of the 
membrane. The diffusion potential A0d was obtained by 
integrating the basis flow equation for diffusion while the 
electrostatic, potential difference was calculated from 
Donnan's theory, i.e., 
A0 = A0^j + A0g [29a3 
where 
'2 JQ 0X 
-A0d = - \ (---—) " dX 
F C (C + 0X) U.+ + C_ u_ 
RT r^ (•5_ .^ 0X) u^ 
+ — \ dlna^ . 
F \ (C_ + 0X) u^ + C_ It 
1 
RT (^ C_ u_ 
\ dlna. [29b] 
F (C_ + 0x) u^ . + C_u_ 
1 
RT ~^\-- ^2-
and - <a0e = - — In ( ) [29c] 
F a^^- ig-
Where a^  and ag are the activities of the electrolytes on 
two sides of the memb rane. J- is the flow of electrolyte in 
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absence of the external electric field. By integrating 
equation [29] and putting the limit of high electrolyte 
concentrations across the membrane, the following equation 
for membrane potential is obtained. 
RT 0X V-l 1 RT u+ - u. 
- A0 = — ( — ) (-<>.--) (---) + — ( ) r u^ . + u_ 
1 -
0X J, 
RTCQ (U+ - u_)K 
0X J^  
2RTCQ U_K 
inr 
RT 0X JQ 
+ ( — ) ( ) (-" — )' 
2F u+ u_ RTCQK 
X (f-l) Cj 
0X J- (u+ + u_ 
[1 ] 
4RTC u+ u_ K 
0X J. 
( 1 -
2RTCQ U-K 
[30] 
At high electrolyte concentration equation [30] was put in 
the following approximate form. 
RT / -1 0X 1 
A0 = — ( — - — ) ( )• — +.. 
F T 2 Ci 
[31] 
Equation [31] predicts a liner relationship between A0 and 
l/C]^  from which 0X can be calculated. 
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2.1.2 BIOLOGICAL MEMBRANE 
The structure of cell membrane is widely recognized as 
an outstanding problem of present-day molecular biology. 
Uncertainty about the structure of membranes naturally 
implies uncertainty about the many mechanisms associated 
with membrane functions. Explanations for transport of ions 
and molecules, the details of nerve pulse at molecular level 
and the way in which energy transports the molecules, remain 
incomplete (99). 
Biological membranes have many functions: they act as a 
permeability barrier and transfer matter and information 
across the boundary between the exterior and the interior 
phases; they can be excitable; they serve to give each cell 
its own individuality, and they act as supports for 
catalytic functions. 
A number of these functions have not yet been assigned 
to specific components of the membrane. However, it is 
sufficiently clear that proteins with their interrelation 
with the lipids perform most of the dynamic activities of 
membranes. 
Biological membranes are mainly composed of lipid, 
proteins and carbohydrates in variable proportions and sugar 
residues attached to either lipid or protein components or 
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both. It would be worthwhile to find out precisely how 
individual molecular species in any specific membrane are 
arranged. Such knowledge of the details of the structure is 
essential for an adequate understanding of membrane 
function. The magnitude of the problem is very vast and it 
becomes more awesome as new informations about membrane is 
acquired. One complicating factor is the heterogeneity and 
diversity of protein and lipid components of many membranes. 
Several models have been suggested by those working on the 
problem to describe the molecular organization of these 
constituents (100-104). The organization of the complex 
structure of biological membranes is related to their 
divergent and specialized functions. In the metabolism of 
living cells, the role of individual molecular constituents 
in the organization of structure and functions of membranes 
and membranous organelles are of prime importance in 
membrane biology. The information available at present 
indicates that proteins of any one type of membrane are 
heterogeneous. For example, Kiehn and Holland (105) have 
shown that mammalian cell membranes from several sources 
contain a large number of proteins of different molecular 
weights ranging from less then 15,000 to over 100,000. 
For any given type of membrane; the distribution 
of protein has been found to be quite similar, 
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but it differs between different membranes. No single 
protein component has been found to predominate, although a 
predominant species might have been expected on the basis of 
the hypothesis of Green and his co-workers (106) that a 
"structural protein" is principal constituent of a membrane. 
Natural membranes exist in biological systems and are 
called biomembranes. These membranes surround the cells and 
the organelle. The cells alongwith its various organelle 
constitute a fundamental unit of biological activity and the 
activities of the cells are governed mainly by the integrity 
and function of membranes surrounding the cells and its 
organelle. Thus, membranes serve not only as a barrier, 
separating aqueous compartments with different solute 
compositions, but also act as the structural base to which 
certain enzymes and transport systems are firmly bound (99). 
This applied significance of biological membranes has 
attracted the attention of physical chemists to examine the 
applicability of laws of transport developed lor artificial 
membranes to the biological syst^. The membranes are 
believed to have a fundamental unit membrane structure which 
is a biomolecular leaflet of lipid with their polar groups 
oriented toward two aqueous, the extracellular and the 
intracellular phases of the cell. Protein is supposed to 
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exist in close proximity of the polar heads of the leaflet 
(107-108). 
2.1.2.1 ASSEMBLY OF LIPIDS AND FBOTEINS IN MEMBRANE 
It is a property of amphipathic lipids in aqueous 
solution to form a bilayer of lowest energy configuration. 
Probably, seune thing happens during the biological cell 
membrane formation (109). The first important hypothesis of 
the structure of biological membrane was proposed by Davson 
and Danie-lli (100). The important feature of their 
hypothesis is that membranes contain a continuous 
hydrocarbon phase contributed by lipids. Some years later, 
Robertson (101) modified the hypothesis into "unit membrane 
hypothesis". The unit membrane was proposed to consist of a 
bilayer of mixed polar lipids with their hydrocarbon chain 
oriented inward, to form a continuous hydrocarbon phase and 
their hydrophilic heads oriented outward. 
The most satisfactory and favourite model of membrane 
structure today appears to be 'Fluid Mosaic Model' 
postulated by Singer and Nicolson (110). The essence of 
their model is that 'membrane are two dimensional solution 
of oriented globular proteins and lipids'. The major 
features of this model are: 
35 
(i) Most of the membrane phospholipid and glycolipid 
molecules are in bilayer form. This lipid bilayer has a dual 
role. It is a solvent for integral membrane proteins and it 
is also a permeability barrier. 
(ii) A small proportion of membrane lipid interest 
specifically with particular membrane proteins and may be 
essential for their functions. 
The lipids (especially phospholipids and cholesterol) 
are arranged in bilayer structure so that their polar 
hydrophilic water soluble portions are separated by 
hydrophobic region. The lipid layers are two dimensional 
liquid in which lipid molecules are laterally moving in 
monolayer. The lipid from one polar end cannot move easily 
to the other polar end. This "flip flop" movement is very 
slow because polar lipid cannot easily cross the non-polar 
hydrophobic region. Some recent findings of Hirata and 
Axelrod (111) have shown that there are methyl transferases 
in the membrane which methylate the phospholipids, and 
methylated phospholipids can easily translocate from one end 
to the other, thus reducing the viscosity of membrane to 
allow the passage of signals. 
In the lipid bilayer, the proteins are arranged in 
mosaic fashion which have been divided into two broad 
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categories. In-brinsic or Integral proteins are associated 
with membrane in a line and permanent fashion. The 
intrinsic proteins are oriented in such a manner that their 
hydrophobic aminoacids hurried in hydrophobic region of 
lipid bilayer and polar acids on the surface. Thus, same 
type of integral proteins acquire one configuration. The 
other category of proteins are extrinsic or peripheral 
proteins showing a weaker association (112-115). 
Rouser and co-workers (116) have sununerised their 
considerable analyses of many membrane systems as follows: 
(i) All animal cell membranes contain phospholipids. The 
same classes of phospholipid are found in vertebrates and 
invertebrates. Some membranes (e.g. myelin) contain 
glycolipids whereas others do not. Only certain membranes 
contain sterols. 
(li) Plasma membranes, cell surface of the endoplasmic 
reticulum, nuclear membranes and mitochondrial membranes 
from the same species have different compositions. All 
differ quantitatively and to some extend qualitatively in 
the classes of lipid present. For example, plasma membranes 
or elaboration of these appears to contain most of the 
glycolipid of the cell. 
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(iii) The proportion of the different phospholipids vary 
greatly and the total amount as well as the types of both 
ceramide polyhexosides and gangliosides are very different 
species. Data from whole organs indicates that the plasma 
membrane from different cell types of the same species may 
vary in composition. 
(iv) The fatty acid composition of each class of lipids 
from different organelles and organs of one specy as well 
as from different species is variable. This is true even 
when the classes of lipids are the same in the different 
structures. Individuality is thus expressed most clearly in 
differences in fatty acid composition. 
2.1.2.2 C<»iposition and role of lipids in membrane 
structure: 
Lipids and proteins are quantitatively the major 
components of membranes, but their relative amounts differ 
in various types of membranes as do the lipid components 
(117); e.g. the lipid ; Protein mass ratio reported for rat 
membranes ranges from 0.202 to 1.320 for kidney plasma 
membranes (118). Lucy (117) generalized that membranes that 
behave mainly as barriers contain the highest lipid 
Protein mass ratios. 
3 Q 
The amount of cholesterol in a membrane relates to this 
barrier function; e.g. about 13% of the lipid mass of rat 
liver plasma membrane is cholesterol (118) while the rat 
skeletal muscle sarcoplasma reticulum can be totally free of 
it (119). The nature of the phospholipid is also a property 
peculiar to each membrane type. For example, Golgi 
membranes and plasma membranes are rich in sphingomyelin 
while mitochondrial membranes contain little (118), and 
skeletal muscle sarcoplasmic reticulum is free of it (119). 
The inner mitochondrial membrane is rich in cardiolipin 
(120) while there are other membranes that contain little or 
none (117,118). 
Much of the lipid in biological membranes appears to be 
in the form of lipid bilayers with the polar regions of the 
lipid projecting into the aqueous media and the nonploar 
regions forming the core of the membranes (121). These 
bilayers are asymmetric, with some classes of lipids more 
prevalent in one of the leaflets than in the other (122). 
Singer and Nicolson (110) have proposed that much of the 
membrane lipid is not associated or only weakly associated 
with membrane proteins although some is tightly associated. 
Recent work of Yu et al. (123) with nonpermeant membrane 
protein labeling agents showed an increase in labeling when 
membranes were treated with phospholipase C, which indicates 
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that the protein is shielded from the labeling agent by 
phospholipid. 
It has been theorized that a deterioration of membrane 
structure plays an important role in the aging processes of 
animals, but the involvement of lipid in this deterioration 
has yet to be explored sufficiently (124). In a 
comprehensive study of rat skeletal muscle sarcoplasmic 
reticulum membranes, Bertrand et al. (125) did show the 
membranes of 28-month-old rat were richer in 
phosphatidylcholine and poorer in phosphatidylethanolamine 
than the membranes of younger rats. Also, Hegner and Piatt 
(126) found that the plasma membranes of old rats contain 
less phospholipid and more cholesterol than those of young 
rats. 
2.1.2.3 THEEHODYNAHICAL STODIES ON BIOLOGICAL MEMBRANES 
Studies on biological membranes have acquired much 
importance during the last few decades because of the 
applied significance of biomembranes. Extensive work is 
available on behaviour and properties of biological 
membranes. The transport across biological membranes offers 
specific experimental and conceptual models of interest to 
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the physiologists, the enzymologists, the pharmacologists, 
the chemists, the biochemists, the biophysicists and to the 
membranologists. The extensive literature pertaining to 
membrane phenomena has been reviewed in a number of 
publications (3, 96-99, 127-131). 
At one time it was thought that the movement of 
substances through the membranes was determined solely by 
concentration gradients, but movement against concentration 
gradients have been observed in most of the biological 
tissues or biomembranes. For example, potassium is usually 
accumulated in plant and animal cells to a concentration 
many times higher than that of the medium surrounding the 
cell. The simplest mechanism of transport of substances is 
passive, through pores, called simple diffusion or 
facilitated transport or mediated transport. In facilitated 
diffusion, the molecules are carried out across the 
membrane, combines reversibly with a carrier in the 
membrane which oscillates between the inner and outer 
surfaces. The second mechanism is energy consuming carrier 
mediated active transport but the carrier is regulated to 
chemical modification in the membranes. Thus, by a reaction 
involving the consumption of metabolic energy, ATP, the 
carrier is modified on one side of the membrane to form a 
41 
substance with a high affinity for the penetrent. It picks 
up the molecule to be transported and then crosses the 
membrane as the complex. Many suggestions for the mechanism 
of active transport have appeared in literature including 
working model of ion transport. Summaries of these 
hypothesis including figures and references to other 
literature are available (132-134). 
A very extensive coverage of the subject of the (Na'''-
K ) ATP-ase and alkali metal ion transport has been made by 
Bonting (135). Additional reviews covering this area are the 
following; Heinz (136), Albers (137), Post (138), Kikuchi 
and Kubota (139). Larsen and Rasmussen (140) studied about 
the role of membrane potential for chloride transport across 
toad skin. Torres et al. (141) carried out the 
electrophysiological characterization of ion transport (Na 
and Cl~) across isolated frog skin. Devillarde et al. (142) 
measured the membrane potential and deduced the ionic 
transport number inside the proteic phases. By analysing the 
asymmetric membrane potential, Nakagaki et al. (143) got an 
information on the asymmetry of the membrane structure. 
Ussing (144-145) determined the emf. of active Na transport 
in skin epithelium with the help of steady state flux 
equation. Zeevi et al. (146) discussed the selective 
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transport of Li across lipid bilayer membrane. Ohki (147) 
has proposed a theory of membrane potential where by the 
membrane potential would arise from the difference between 
two surface potentials on the two sides of the membrane 
which are produced by the fixed charges as well as the 
polarization of the molecules at the membrane surfaces and 
the surrounding electrolyte solutions. Furthermore, Ohki and 
Ohshima (148) have presented a model for the electrical 
potential distribution across a charged biological membrane 
which is in equilibrium with an electrolyte solution. They 
assumed that a membrane has charged surface layers on both 
surfaces of the membrane, where the fixed charges are 
distributed at a uniform density within the layers, and that 
these charged layers are permeable to electrolyte ions. 
Simons (149) applied the methods of irreversible 
thermodynamics to the problem of particle flow through 
biological membranes and derived formulae for unidirectional 
flux and flux ratio of a permeant species under conditions 
where there is a coupling between flows and metabolism. Some 
others have also paid much attention to apply the methods of 
irreversible thermodynamics to flow through biological 
membranes (148,150-154). The specific transport of ions is a 
common function of biomembranes. An active transport process 
is usually defined as one that can bring about a flow of a 
substance against an electrochemical potential gradient of 
the substance. The name implies that specific biological 
activity is involved in the process (Rosenberg, 155). It is 
assumed that the dissipation function is smaller than zero. 
This has been observed in the active and selective transport 
of metal ions through a protoplasmic liquid (156-158). 
The general features of carrier transport systems, both 
equilibrating and transporting uphill, were reviewed by 
Wilbrandt and Rosenberg (159) and compared to reported 
observations. It was pointed out that a number of kinetic 
features are shared by "absorption systems" which involve 
binding of substrate at fixed sites rather than on mobile 
carriers, but that counter transport and competitive 
activation are criteria for mobile binding sites. 
Katchalsky et al. (160-161) elaborated their 
description of biological transport processes in terms of 
irreversible thermodynamics. 
The transport system for mammalian tissues appear to be 
constitutive and firmly bound to the membrane. In general, 
the transport systems for most of the amino acids in 
microorganism are constitutive, while for sugars only 
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glucose transport activity appears to be constitutive (162). 
The rest of the sugar transport systems are inducible. 
Bonting (135) reported (Na'*"-K*) ATP-ase in E. coli 
cells, sensitive to ouabain. Later on a new line of approach 
opened by Skou's work (163) on Mg '-dependent membrane. ATP-
ase on crab nerve. Active Ca ^ transport in sarcoplasmic 
reticulum was reported by Hasselbach and Makinose (164). 
Bennet and Melamy (165) gathered evidences for two different 
transport systems for phosphate in f- coli . Gloriux and 
Scriver (166) have also identified two types of transport 
systems in human Kidney for phosphate transport. Sugar 
cannot pass through membranes by free diffusion. Carrier 
mediated transport was reported for sugar transport in 
living membranes. The transport of glucose into red blood 
corpuscles occurs by process of facilitated diffusion (167), 
while in other tissues the active transport of sugar 
required co-transport of Na (168). 
Grell and Oberbaeumer (169) have published a review in 
which discussion were made on the membrane protein carrier 
mediated transport of cations through biological membranes. 
Fletcher (170) examined the electrical potential differences 
across the membranes in which active transport of ions 
occurs based on the non-equilibrium thermodynamics. 
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Recently, the transfer of solutes across plasma 
membrane has been characterized primarily in terms of 
kinetics and thermodynamic parameters. The kinetic 
characteristics suggested that the membrane contains 
entities called carriers with which hydrophilic solutes such 
as ions, sugars and amino acids, must form a dissociable 
complex so that they could move rapidly cross lipid bilayer 
matrix of the membrane. 
Electrokinetic phenomena are of considerable current 
interest from the stand point of biological transport. 
Potential measurements across biological membranes have been 
quite useful in understanding the mode of transport and 
physiological behaviour of biomembranes. 
Recently, the applicability of the methods based on 
irreversible thermodynamics processes, to flows through 
biological membranes also have gained considerable 
attention. Usslng (171) has given a flux ratio equation 
that discloses the contribution of active transport or 
Interaction in the movement of electrolytes or non-
electrolytes in biological membranes, by determining the 
electrochemical potential difference. Watlingto^^ and Jesse 
(172) measured the CI~ flux and Ronald et al. (173) studied 
chloride transport across frog skin. Rafael and Daniel (141) 
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have studied the electrophysiological characterization of 
ion transport (Na and Cl~) across isolated frog skin. Naidu 
(174) recorded the transepithelial potential difference and 
diffusional water uptake in ventral pelvic patch of the skin 
of Rana cyanophlyetis and Bufo melanostictus . A study has 
also been taken to examine the role played by various 
transport systems in over all transport of chloride ions 
across frog skin (175). 
Walser (176) and Walser et al. (177) measured the flux 
of sodium and chloride ions across toad bladder in the 
absence of ouabain. Chen and Walser (178) also measured the 
flux of sodium and sulphate ions in toad bladder treated 
with sufficient ouabain to inhibit active sodium transport, 
at the potential between 0 to 100 milli volts. Person and 
Spring (179) have studied the permeability properties of 
epithelial connective tissue of Nectures gall bladder by 
measuring electrical resistance and dilution potential. 
Ripoll et al. (180) described the ion transport through 
biomembranes, with biological implications of the results 
while Jose et al. (181) studied ammonia transport in 
turtle's urinary bladder. 
Shukla (182) and Mishra (183) have carried out the 
hydrodynamic permeability, electro-osmotic permeability, and 
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streaming potential measurement for urea and urine solution 
across urinary bladder membranes, based on the method of 
non-equilibrium thermodynamics. In further studies (184) 
hydrodynamic permeability of aqueous solution of glucose, 
fructose, galactose, lactose and sucrose and their mixtures 
and aqueous solution of urea, thio-urea, acetamide, glycine 
and methanol, across urinary bladder membranes of goat, were 
measured in terms of non-equilibrium thermodynamics. Rosoff 
+2 et al. (185) measured the unidirectional Ca fluxes in 
vitro across urinary bladder and colon of B. marinus in the 
+2 
absence of electrochemical gradients. A net Ca flux was 
observed in each tissue but with different polarity. A study 
was also conducted to determine the type and activities of 
carrier proteins which transport chloride ions in pig 
jejunal brush border membranes, with emphasis on the 
properties of chloride ion conductance activity in vesicles 
prepared from these membranes (186). 
The dilution and bi-ionic potential across isolated 
rabbit corneal epithelium have also been measured to learn 
about the ion selectivity of its intracellular junctions 
(187). 
Knapowski et al. (188) studied the effect of ethacrylic 
acid, water and sodium transfer across human peritoneal 
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membranes. Later on Feder and Knapowski (189) studied the 
net Na transfer in parietal peritoneum covering the 
diaphragm and anterior abdominal wall and observed the 
furosemide effect. 
2.1.2.4 METAL ELEMENTS IN BIOLOGICAL MEMBRANES 
Trace elements are heterogeneously distributed in 
biological tissues and are essential for life. These metal 
ions have a nonhomogeneous distribution in the central 
nervous system (CNS) and this is interpreted as an 
expression of functional differences at a given moment 
(190). Zinc and copper are well established trace metals 
essential for the stability of various macromolecules (191) 
and enzyme function (192) of key metabolic significance. 
The role played by trace elements and their beneficial 
or harmful effects on the biochemistry of man are of primary 
importance. Iron was the first element to be determined as 
essential in the 17th century. Other elements such as Cu, 
Mn, Zn, and Co were determined to be necessary for healthy 
tissues in the late 1920's and 1930's (193). More recently, 
the necessity of Si, Sn, V and Ni has also been established 
while still other elements are under investigation. 
Those elements present in tissues in sufficiently large 
amounts, to be considered macro, include C, N, Na, 0, Mg, P, 
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S, Cl, k, Ca and H. Such elements are easily analyzed using 
standard chemical methods. The remaining trace elements can 
be classified as either essential or toxic, though in 
practice one element can be both, depending on 
concentration. Morrison (194) has recently reviewed the 
status of elemental trace analysis of biological materials 
in detail. There are large number of reviews on the 
principles and determination of trace elements in biological 
samples (195-202). 
It is becoming increasingly evident that trace metals, 
as an integral part of tissues and biological fluids, are 
one of many homeostatic mechanisms regulating the reactivity 
of tissues and cells. Several of these actions are mediated 
through membrane bound enzyme (203). However, the 
investigations in this direction have been confined to the 
study of few enzymes only (e.g. ATP-ase, HADH) mainly in 
liver tissue and blood cells. Recent studies have revealed 
that changes in trace metal concentration were closely 
related to a niimber of diseases in human and plant systems. 
The studies of the effect of trace metals on 
biomembranes are therefore important in a country like ours 
where marked variation in trace metal concentration is 
50 
observed in soil, water and indigenous food stuffs. Many 
workers studied the effects of trace metals on biomembranes 
which causes disease like Cancer, Cardiovascular disease. 
Diabetes etc. (204-215). 
Copper and iron metalloproteins are the primary 
oxidases, oxygenases, and oxygen carriers in the animal 
cells. Many aspects of evolution of copper proteins appear 
to have been dominated by its close association with the 
concomitant development of the biochemistry of iron (216-
217). 
Historically, the role of Zinc in biological systems 
has been investigated in three phases. The first was 
nutritional and indicated that Zinc is essential for 
development and growth of all species. These studies were 
initiated by Raulin (218), who showed in 1869 that Zinc is 
required for the growth of Aspergillus niger, and culminated 
100 years later in the demonstration that this metal is 
indispensable for human growth and development (219). 
The second phase was biochemical and led to the 
realization that Zinc is an integral component of many 
proteins and indispensable to their catalytic function and 
structural stability. This phase owes its origins to Keilin 
and Mann's (220) observations that carbonic anhydrase, an 
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enzyme essential for respiration in mammals, contains Zinc, 
which is required for its action. 
The third phase in the evolution of Zinc biology was 
the recognition of clinical manifestation associated with 
abnormal Zinc vertebrates. Inspite of the ubiquitous 
occurrence of Zinc, its deficiency or imbalance in humans is 
not uncommon. Postalcholic cirrhosis of the liver was the 
first human pathological condition recognized to be related 
to Zinc metabolism (221). 
The function of Zinc in metalloenzymes can be divided 
into four categories : catalytic, structural, regulatory (or 
modulatory), and non-catalytic. Zinc is said to have 
catalytic role when it is essential for and directly 
involved in catalysis by the enzyme, carbonic anhydrase, 
carboxypeptidase, thermolysin, and aldolases are exeunples of 
this type. Structural Zinc often stabilizes the quaternary 
structure of oligomeric holoenzymes. Thus a Zinc atom serves 
to dimerize Bacillus subtilis o^ - amylase without affecting 
its enzymatic activity (222). 
A regulatory (or modulatory) role is indicated when 
Zinc regulates, but is not essential for, enzymatic activity 
(which is present in the absence of metal) or for the 
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stability of the protein. Regulatory Zinc may act either as 
an activator (e.g., bovine lens leucine aminopeptidase) or 
as an inhibitor (e.g., porcine kidney leucine 
aminopeptidase, fructose-1,6-biphosphatase). 
Manganese is required by all living organisms, but its 
actions are not too well known. It takes part in number of 
enzymatic reactions. Deficiency in animals and birds affects 
bone, reproduction and brain, with abnormalities of bony 
growth, stillbirths, early deaths and sterility of the 
mother, and convulsions. 
Chromium is needed for sugar and fat metabolism in 
which insulin takes part. It is necessary for maintenance of 
normal cholesterol metabolism and normal sugar metabolism. 
It increases growth. Although animals may live with severe 
chromium deficiency, they would not grow much. Therefore, it 
may or may not be vital. 
The principal function of cobalt is as a necessary 
constituent of vitamin Bj2• Minimal daily requirement of 
cobalt in Bj^ 2 is 0.043 micrograms per day, the smallest 
amount of any substance known to make the difference 
between health and disease. Vitamin 82^ 2 ^ ^ required for the 
formation of red blood cells. Other functions of Cobalt are 
suspected but unproven. It is vital in vitamin BJL2-
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Only 27 of the 92 natural chemical elements are 
essential for different forms of life. Most of the elements 
in living matter have relatively low atomic numbers. In 
addition to vitamins in the diet, animals and people require 
a number of chemical elements in inorganic form for proper 
growth and biological function. These elements may be 
grouped in two classes; bulk elements, and trace elements. 
The bulk elements such as calcium, magnesium, sodium, 
potassium, phosphorus, sulfur, and chlorine are required in 
relatively large amounts. Of more immediate concern with 
respect to enzyme action are the essential trace elements. 
Some 15 trace elements are known to be required in animal 
nutrition. Most of the trace elements function as enzyme co-
factors or prosthetic groups. 
Calcium plays an important role in all cells as an 
intracellular regulator or messenger. It helps to regulate 
the activity of skeletal muscle, the heart and many other 
tissues. 
Ca and the cytoplasmic Ca** -binding protein 
calmodulin are also believed to function as modulators or 
even as intracellular messengers for some harmones. Free 
Ca is present in cytosol in very low concentration, less 
than 10~T1. Its concentration increases during the action 
54 
of certain hormones. Ca*^  modulates many intracellular 
activities, probably through binding to calmodulin, which 
stimulates phosphodiesterase and various protein kinases 
involved in carbohydrate metabolism, muscle contraction, and 
intracellular membrane transport. 
2.1.2.5 PERICARDIOM 
The pericardium is the outermost covering of the heart. 
It is composed of an outer layer, the fibrous pericardium, 
and an inner layer, the serous pericardium (223). The 
fibrous pericardivim is connected to the diaphragm by a loose 
fibrous diaphragmatic attachment and to the sternum by the 
sterno-pericardial ligaments. The serous pericardium 
consists of a parietal and visceral layer. The parietal 
layer, is contiguous with the fibrous pericardium and is 
separated from the visceral layer, which covers the muscular 
wall of the heart, by the pericardial cavity. The soft 
collagenous tissues consists predominantly of collagen, 
elastin, ground substance and water. Collagen is a 
polypeptide chain which when organized into fibers, and it 
is thought to dominate the structural integrity and gross 
mechanical behaviour of the tissue. Elastin is a globular 
rather than helical protein. Four lysine-derived units join 
to form the four-pronged desmosine link that ties four 
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elastin polypeptide chains together. The ground substance 
consists of mucopolysaccharide, glycoproteins and soluble 
proteins and accounts for less than 1% of the total tissue 
weight. Bovine pericardium in its natural state consists of 
76% by weight of water (224). Almost all of this water is 
unbound. 
2.1.2.5.1 Pericardium and bioprosthetic valve 
Pericardium has received great significance during the 
last several years because of their useful role in 
production of cardiac valves (225-226). These are 
constructed from the combined outer layer of the serous 
pericardium and the fibrous pericardium. The bioprosthetic 
valves are expected to prove superior to artificial valves 
because these do not require long term anticoagulant 
therapy. 
It has been found from clinical follow up of patients 
that certain bioprosthetic cardiac valves get classified 
with the passage of time. Altered calcium metabolism has 
been implicated in the production of this calcification. 
2.1.2.5.2 Function of the Pericardium 
Under normal conditions the pericardium with its fluid 
lubricates the moving surfaces of the heart, holds the heart 
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in a fixed geometric position and isolates the heart from 
other structure in the thorax, thus preventing adhesions and 
spread of infection. It also serves the following functions: 
(i) prevents dilatation of the heart chambers and insures 
that the level of transmural cardiac pressures will be low, 
never exceeding a few mm Hg; (ii) prevents hypertrophy of 
the heart under conditions of strenuous exercise : (iii) 
limits right ventricular stroke work under conditions of 
increased left ventricular outflow resistance; (iv) prevents 
ventriculo-artial regurgitation under conditions of 
increased ventricular end-diastolic pressures; (v) in 
association with the lungs and tissue surrounding the 
pericardium it facilitates the filling of the atria by the 
development of negative pericardial pressure during 
ventricular systole; (vi) responds to nerve stimulation and 
reflexly affects blood pressure and heart rate; and (vii) in 
association with the pleural fluid constitutes a hydrostatic 
system that' automatically applies compensating hydrostatic 
pressures on the outside of the heart when gravitational or 
inertial forces acting on the heart are altered during 
acceleration, for example. This automatic hydrostatic 
compensation insures that end-diastolic transmural pressure 
is the same at all hydrostatic levels of the ventricle. 
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During the past 300 years (227) widely different views 
have been expressed on the functional significance of the 
pericardium. These range from the statement that it "serves 
no vital function" (228) to the view that "from clinical and 
experimental studies it is, then, of interest that the 
clinical picture of cardiac failure is to a great extent the 
result of pericardial constriction or limitation (229). 
Since human beings with congenital absence of the 
pericardium (229) and pericardiectomized animals survive 
indefinitely and appear to carry out their gross physiologic 
functions in a more or less normal manner (228,230), it is 
not surprising that the pericardium has been thought to have 
little functional significance (230). However, this 
conclusion is unwarranted until the appropriate studies have 
been made of the relation of artial and ventricular dynamics 
to the presence or absence of pericardium in health and 
disease. 
Functions that various investigators have attributed to 
the pericardium include prevention or over dilatation of the 
heart (229,231-236), protection of the heart from infection 
and from adhesions to surrounding tissues, maintenance of 
the heart in a fixed geometric position within the chest 
(237), regulation of the interrelations between the stroke 
volumes of the 2 ventricles (238), and prevention of right 
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ventricular regurgition when ventricular diastolic pressures 
are increased (238,239). 
2.1.2.5.3 Anatomy 
The pericardium is normally found in vertebrates, from 
the lower forms to man (240) and has been studied in a wide 
variety of mammals. It consists of a serous membrane and a 
fibrous sac; the serous membrane covers the outside of the 
heart (visceral pericardium), extending a short distance 
beyond the atria and ventricles on the great vessels, and 
lines the inside of the fibrous sac (parietal pericardium) 
(241). The pericardial cavity, the space between the 
visceral and parietal pericardium, contains of a varying 
amount of fluid. The tough, thick fibrous pericardium forms 
a flask-like sac, the neck of which is closed by its 
attachment to the great vessels; it is attached ventrally to 
the manubrium of the sternum and the xiphoid process, 
dorsally to the vertebral column, and caudally to the 
central tendon of the diaphragm (242). In different species 
and in different animals within a given species, the wall 
thickness and the attachments to the diaphragm and sternum 
vary in magnitude (243,244). In the lower gilt breathing 
vertebrates there is no thoracic cavity with negative 
pressure and gas-filled lungs surrounding the pericardium; 
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instead, the pericardium is located within the solid body 
tissues (245). 
2.1.2.5.4 Histology 
The serous layer is smooth and glistening, covered with 
flattened regular polygonal mesothelial cells (246-248) and 
attached to the fibrous layers by delicate connective tissue 
rich in elastic fibers (249). A superficial, middle and deep 
layer of collagenous fibers interlaced with elastic fibers 
can be distinguished in the fibrous layer (243,250). In man 
the geometric configuration of the collagenous fibers in the 
parietal pericardium varies with age; the fibers, which are 
practically straight in the fetus, become wavy after birth, 
reaching the largest wave amplitude in young adults and 
becoming nearly straight again in old age. The waves in the 
collagenous fibers are closely related to the development of 
the elastic fibers. Elastic fibers in the fetus are few; but 
they increase in number and thickness from birth to adult 
life. The total quantity of elastic fibers in older persons 
is approximately the same or some what greater than that in 
younger adults. 
Connective tissue is widely used for clinical 
applications. Chemically stabilized pericardial tissue has 
been a common material over the last ten years for clinical 
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prosthetics manufacture, mainly heart valves, based on its 
physical and biological properties. These are obviously 
dependent on the molecular composition of the tissue. On the 
other hand, it is of interest to understand the interaction 
of these molecules to produce the mechanical properties 
characteristic to the biological functions of this tissue. 
Thus, a complete knowledge of the tissue requires the 
chemical characterization of the different tissular 
components. 
The family of proteins grouped under the generic name 
of collagen is the main component of connective tissue. Also 
other constituents of the extracellular matrix, as elastin, 
proteoglycans and glycoproteins are crucial in the 
maintenance of mesenchymal visoelastic properties. Chemical 
studies have revealed that extracellular macro-molecules of 
connective tissue may interact with lipids and be 
responsible for the lipid depositions of connective tissue 
(251,252). Based on this idea, there are various reports on 
direct effects of lipids on collagen producing cells and 
tissue (253-255). The organization of the collagen fibers, 
and consequently the physical and biological properties of 
the tissue, appear to be dependent on tissular lipids. 
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2.1.2.5.5 LIGHT AND ELECTRON MICROSCOPIC STUDIES ON 
MEMBRANES 
The integration of microscope and chemical analyses has 
provided the basis for present understanding of the biology 
of the intact cells, biological membranes as well as 
organelles. For the biologists the visual dimension is 
provided generally by light microscopy and high resolution 
electron microscopy. The electron microscope as a tool for 
analysing molecular structure, interactions and processes, 
is one that can be used increasingly, particularly in 
conjunction with biochemical and biophysical studies. 
Trowbridge et al. (256) carried out histological 
studies on bovine pericardium and investigated that the 
pericardium leaflet tissue was closely packed with collagen 
fiber bundles interspersed with fibroblasts. Blood vessels 
were also seen between the bundles. Electron microscopy of 
bovine pericardium revealed the presence of diffused elastin 
fibers with separated collagen fibers and fiber bundles. 
Boyed (257) reviewed in detail the basic preparation 
techniques for the biological SEM. Holt (258) studied the 
histology of pericardium and elaborated that the serous 
layer of the pericardium is smooth and glistening covered 
with flattened irregular mesothelial cells and attached to 
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the fibrous layers by delicate connective tissue rich in 
elastic fibers. A superficial middle and deep layer of 
collagenous fibers are interlaced with elastic fibers, can 
be distinguished in the fibrous layer. These historical 
findings suggested that the pericardium of young adults are 
more elastic than that of elderly. 
The ultrastructure of peritoneal mesothelial cells also 
has been described in detail by Lentz (259). Comparison of 
ultrastructure and histochemical characteristics of surface 
cells of ovary peritoneal mesothelium were investigated 
(260). Bulbering (261) observed the surface of mesothelial 
cells of different peritoneal areas in rat by scanning 
electron microscope. 
Structural changes within the homologous duramater 
patchgrafts surgically implanted in the right ventricular 
wall of the heart were studied in adult dogs utilizing light 
microscopy and SEM (262). Zingsheim (263) reviewed the 
recent works with particular emphasis on selected technical 
problems, and presented a critique on a few physical aspects 
associated with the use of electron microscopy as a tool in 
the study of biological membranes. 
Scanning electron microscopic (SEM) studies were also 
performed on the placenta of Rhesus monkey infected with 
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malaria. Various changes in surface morphology of placenta 
occurred and were considered responsible for the altered 
functioning of the organs (264). 
Qhapter-3 
Material md MetRocfs 
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3.1 BIOPHYSICAL STUDIES 
Experinen'bal 
The pericardial membrane was taken out immediately 
after slaughtering buffalo (Bof. bubalis) aged between 
18-24 months, and immersed in an ice-cold Ringer's solution 
(265,266) of pH 7.4+0.2 for preservation of membrane 
tissues. The Ringer's solution contained (in gm/1) NaCl 
9.00, KCl : 0.42, CaCl2: 0.24, glucose : 1.00 and NaHC03 
0.15. 
Apparatus and Experimental Methods: 
The apparatus used for measurement of membrane 
potential is shown in fig.l. It consisted of two half cells. 
The vertical female joints Y and Y attached to each half 
cell provide for introducing the electrolyte solution and 
the saturated calomel electrodes (S.C.E.) Xj and X2. The 
cell was divided into two symmetrical compartments by a 
water-tight membrane which was placed between the brims of 
these two cell parts. Both the solutions were stirred 
vigorously. 
Measurement of Membrane Potential 
The membrane was washed three times with deionized 
water to remove traces of Ringer's solution prior to 
recording the membrane potential. The potential developed by 
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setting up a concentration cell of the type described by 
Sollner and Gregor (90), Marshal and Ayers (92) and 
Michaelis (89) was taken as a measure of membrane potential 
by using a pye-precision vernier potentiometer (No.7568). 
The cell assembly was immersed in a thermostat water bath 
maintained at 25 + 0.1°C with constant stirring. The 
electrochemical cells of the type, 
S.C.E. Solution 
'1 
Membrane Solution S.C.E. 
Cg = 10 Cj 
were also used for measuring the membrane potentials. The 
electrolytes employed here were solutions of several 
concentrations of analytical grade (B.D.H., India), 1:1, 
2:1, and 3:1 electrolytes, viz. NaCl, KCl, NH4CI, NaF, KF, 
CaCl2, MgCl2, ZnCl2, CuClg, MnClg, NiCl2, CoClg and CrClg 
respectively in deionized water. The same electrolyte with 
different concentrations was used on both the sides of the 
membrane. The dilute side of the solution was taken as 
negative. Freshly obtained pericardial membranes were used 
for potential measurements with each of these electrolytic 
solutions. The experiments were repeated a number of times 
with freshly prepared solutions of each of these 
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electrolytes and the maximum potential values thus attained 
were recorded* 
3.2 BIOCHEMICAL STUDIES 
Extraction of Tissue Lipids 
Tissues were extracted for total lipids by the methods 
of Folch si, al. (267). A known weight (300 mg to 1 gm) 
randomly selected and cut from tissues was grinded in mortar 
and pestle with 20 fold (w/v) Chloroform-methanol (2:1, v/v) 
mixture. The homogenate was filtered through whatman No.l 
filter paper into a glass stoppered tube. A suitable aliquot 
(6-10 ml) of the extract was transferred to another glass 
stoppered tube. This crude extract, mixed thoroughly with 
0.29% sodium chloride in chloroform-methanol water at the 
ratio 3:48:47 (v/v) was allowed to stand for 5-6 hour till 
the two phases without interfacial fluff separated. The 
upper aqueous phase was removed as much as possible by a 
syringe. The lower phase was gently washed 3 times with 
known amount of salt solution by slowly adding it along the 
side of tube by swirling action of the pipette. This was 
done to avoid disturbance of the lower phase. Finally the 
lower phase, without disturbing the remaining rinsing fluid, 
was made into one phase by addition of methanol (10-16 
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drops). The resulting solution was diluted to 10 ml in 
standard flask by addition of chloroform-methanol mixture 
(2:1, v/v). 
Quantitative Determination of Total cholesterol 
Normal buffalo cholesterol was estimated by the method 
of Zlatkis et al. (268). 0.1 ml serum was added to 3 ml of 
glacial acetic acid and mixed thoroughly. 2 ml of ferric 
chloride reagent (freshly prepared by adding 1 ml of 10% 
ferric chloride w/v) in glacial acetic acid to 100 ml with 
concentrated sulfuric acid was carefully added from side to 
allow the formation by a brown ring. The tubes were shaken 
thoroughly, cooled, and colour density read in a Bausch and 
Lomb 'Spectronic 20' spectrophotometer at 560 nm against a 
reagent blank. A cholesterol solution of known strength 
prepared in glacial acetic acid was used to prepare a 
standard curve. Under described experimental conditions 
optical density of 1.00 was equivalent to 224 jug 
cholesterol. 
Quantitative Determination of Total Phospholipid 
Total phospholipids were determined by the method of 
Bartlett (269) as modified by Marinetti (270). For total 
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phospholipid determination from tissue lipid extract, a 
suitable aliquot (0.05-0.2 ml) was taken into a tube and 
evaporated to dryness.The contents of tubes were digested on 
an electric digestion unit with 1 ml perchloric acid (70%) 
for 25-30 minutes (2-3 glass beads or boiling chips were 
added in each tube to avoid bumping). On cooling, 7 ml 
distilled water was added followed by 1.5 ml of 2.5% 
ammonium molybdate (w/v). After thorough mixing of the 
contents, 0.2 ml of 0.25% (w/v) l-amino-2-
hydroxynaphthalene-4- sulfonic acid was added. The tubes 
were heated in boiling water bdth for exactly 7 minutes, 
cooled and colour read after 20 minutes in AIMIL Biochem 
Absorptiometer (red filter No.70) against a reagent blank. 
For calibration curve mono-potassium dihydrogen phosphate 
was used as standard. It was found that an optical density 
of 1.00 was equivalent to 20 yug phosphorous. The 
phospholipid values were obtained after multiplying the 
phospholipid phosphorus by a factor of 25. 
Quantitative Determination of Triglyceride 
Total triglycerides were determined by the method of 
Van Handel and Zilversmit (271). 4 gm of Zeocarb-226 placed 
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in a glass stoppered 100 ml conical flask was moistened with 
2 ml chloroform. After adding a suitable aliquot (0.2-0.6 
ml) of lipid extract of tissue, 10-20 ml chloroform was 
added. The contents, allowed to stand for 1 hour at room 
temperature (intermittent shaking was done), were filtered 
through a whatman No.l filter paper. 1-3 ml aliquot of 
filtrate was transferred to 3 glass stoppered tubes and 
solvent evaporated. To 2 tubes 0.5 ml of 0.4% alcoholic KOH 
(W/v) was added, but only 0.5 ml alcohol was added to the 
third tube (unsaponifled sample). All the tubes were kept at 
60-70*^ for 15 minutes. 0.5 ml of 0.2 N sulfuric acid was 
added to each tube, which were placed in a gently boiling 
water bath for 15 minutes to remove alcohol. After cooling, 
triglyceride content was determined by periodate oxidation. 
0.1 ml of 0.05 M sodium periodate solution was added to the 
tubes and oxidation was stopped exactly after 10 minutes by 
the addition of 0.1 ml of 0.5 M sodium arsenite. A yellow 
colour of iodine appeared which disappeared within few 
minutes. 9 ml of 0.24% chromotropic acid reagent (in 
sulfuric acid and water 2:1, v/v) was added and heated for 
exactly 30 minutes in boiling water-bath. The colour was 
read to AIMIL Biochem Absorptiometer (red filter No.58). The 
quantity of triglycerides is represented in terms of weight 
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of corn oil which has been used as standard for triglyceride 
estimation. One optical density was equivalent to 322 pg 
corn oil equivalent triglycerides. 
Quantitative Determination of Free Fatty Acid 
The method used was described by Mosinger (272). The 
stock buffer indicator consisted of 1% phenol red in 0.12 M 
sodium barbital (0.25g/10 ml). This solution was diluted 
before use : 99 ml of absolute ethanol and then 200 ml of 
heptane were added to 1 ml of the buffer. This was added 
into the solution of heptane, distilled water, and 
extraction mixture (isopropyl, alcohol-heptane-IN sulphuric 
acid 40:10:1). The changes during storing of these solutions 
was negligible. 
Aliquots of fatty acids dissolved in heptane (final 
volume, 1 ml), were taken into clean, dry matched cuvetts of 
1 cm diameter. To each of these, 1.5 ml of barbital-phenol 
red reagent was added to a final volume of 2.5 ml. They were 
read at 560 nm against a suitable reagent blank. 
Trace Element Determination 
Preparation for Atomic Absorption Spectrophotometry 
Test tubes (corning glass) of 25 ml capacity were taken 
and soaked in chromic acid over night, washed with double 
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distilled water and again soaked in 10% nitric acid for 
another twenty four hours. Then the tubes were cleaned with 
double distilled water and dried in oven to make them metal 
free. 
Buffalo and Porcine Pericardium were collected from 
slaughter house. Small pieces of tissues were cut and 
weighed. The tissues were kept in separate specimen tubes in 
a mixture of concentrated nitric acid and sulfuric acid in 
the ratio of 4:1. 
For calcium uptake studies, the membranes were cut 
into several pieces and immersed in electrolyte solutions of 
different concentrations viz. 0.5M, 0.05M and 0.005M in 
separate test tubes or 1 to 5 hours and 1 to 7 days as shown 
in the flow chart given on page 72. After immersing the 
tissues for the required period of time, the tissues were 
taken out and digested in a 4:1 mixture of concentrated 
nitric acid and sulfuric acid respectively. 
Digestion of tissues: 
The tissues were digested in a kjeldal apparatus at 
60°C for two hours. 1% hydrochloric acid was added and the 
volume was made upto 10 ml. This solution was then subjected 
to atomic absorption spectrophotometry. 
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Atomic absorption spectrophotometry: 
Perkin Elmer model 303 atomic absorption 
spectrophotometer equipped with boiling burner and Null 
recorder read out accessory was used. The operating 
condition for different trace elements were determined. 
The operational parameters for maximum sensitivity for 
different elements are given below: 
ElHent Mave Slit Latp Autoiization EHT Scale integration 
length width current gain expansion t i i e 
Ca 
In 
Fe 
Hn 
Pb 
Cu 
Cr 
Kg 
Ni 
Co 
ni 
422.7 
213.9 
248.3 
279.5 
283.3 
324.7 
379.5 
285.2 
232.1 
241.7 
ni 
0.5 
B.5 
B.2 
1.2 
B.2 
e.s 
8.2 
8.5 
8.2 
8.2 
•A 
3.8 
5.8 
7.8 
5.8 
5.8 
3.8 
6.8 
3.5 
3.5 
6.8 
Air-Acetelene 
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
-do-
V 
-484 1 
-428 1 
-488 1 
-496 1 
-488 1 
-364 1 
-368 1 
-344 1 
-484 1 
-456 1 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
.8 
sec. 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
8.3 
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A standard solution for each element was run along with 
the test samples. Recovery experiments and replicate 
analysis were performed to determine the precision of the 
technique. 
3.3 HISTOLOGICAL STUDIES 
Light Microscopy 
The pericardial membrane was taken out immediately 
after slaughtering the buffalo and immersed in 10% formalin 
solution to preserve the tissue. 
Dehydration: 
Small pieces of pericardial tissues were dehydrated by 
passing them through increasing strengths of alcohol viz. 
50%, 70%, 90%, 95% for 3-4 hours and then through absolute 
alcohol with anhydrous sulphate simultaneously for two 
hours. The tissues were then kept in aniline oil overnight 
and then transferred to xylene solution. 
Embedding: 
Prior to embedding, the fixed tissues were washed to 
remove excess fixative. The dehydrated membrane tissues were 
taken out from xylene solution and transferred to a mixture 
of paraffin wax and xylene and then to pure paraffin wax. 
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Secrtioning: 
The pericardial tissues embedded in paraffin wax were 
cut into thin sections with the use of rotatory microtome. 
Each section was transferred to a clean glass microscope 
slide. Water was run under the sections and the slides were 
placed on a warming stage. The water was evaporated and the 
section were allowed to settle down on the glass slides. 
Staining: 
The sections of the pericardial tissues were stained 
with hematoxylin and eosine. The sections were passed 
through descending strengths of alcohol prior to staining. 
Mounting: 
After staining, excess dye was removed by washing with 
alcohol and the sections were dehydrated through ascending 
grades of alcohol. After dehydration with absolute alcohol, 
the sections were transferred to a solution of a clearing 
agent. A drop of mounting medium, (Canada balsam), which has 
a refractive index similar to that of glass, was placed over 
the sections. The preparation was covered with a coverslip 
and allowed to dry. The tissues were examined under light 
microscope and microphotographs of all the slides were 
taken. 
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Scanning Electron Microscopy: 
Pericardial membrane, obtained from 18-24 months old 
buffalo, were transported from the abattoir in ice-cold 
ringer's solution. All visible fat was stripped by hand from 
the tissue. Pericardial tissues were fixed by immersion in 
4% cacodylate buffer at pH 7.3 for 4 hrs at 4^C. The tissues 
were post fixed in 1% OSO^ in the same buffer for 1 hr in 
cold. Dehydration was accomplished using increasing 
strengths of acetone followed by critical point drying using 
CO2 as the drying liquid (balzers critical point drier). The 
specimens were mounted on aluminium stubs and vacuum coated 
with gold in a sputtering device (Polaron E-5,000). All 
specimens were examined under Philips 515 scanning electron 
microscope, and images were recorded photographically. 
Ghapter-H-
Results md Discussion 
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4.1 BIOPHYSICAL STUDIES 
The values of membrane potential (A0or Em) measured 
across the pericardial membrane, separating different 
concentrations of 1:1, 2:1 and 3:1 electrolytes (Table 1-2) 
are plotted as a function of long (Cj^+C2)/2, with a fixed 
ratio of C2/C-i^  = / = 10 (Figures 2-4). The membrane 
potential, after an initial increase, has been found to 
decrease with increase in the value of log (C2+C2)/2. 
Another very significant feature observed was the recording 
of the membrane potential across the pericardium. When the 
concentrated side and the diluted side were hooked up to the 
positive terminal and the negative terminal respectively. 
This observation has suggested that the pericardial membrane 
is positively charged and is anion selective. 
Kobatake et al. (86) derived the equation [16] as 
described previously for membrane potential ( A 0 ) which 
arises between two solutions of 1:1 electrolytes of 
different concentrations, C^ and C2 {C^ < C2) that are 
separated by a membrane. For the analysis of the data, 
equation [16], can be used under two sets of conditions 
namely in the dilute range and in the concentrated range; 
hence the two limiting forms of the equation [16] i.e. 
equation [19] and equation [22] have been obtained for (a) 
and (b) respectively. 
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TABLE-1 
PERICARDIAL MEMBRANE POTENTIAL AT DIFFERENT CONCENTRATION FOR 
ONI-ONIVALENT ELECTROLYTES AT 25**C. 
Concentrations Potentials (mV) 
Cg/C, 
( m o l e / l i t r e ) NaCl KCl NH4CI NaF KF 
1/1x10"^ M 1 7 . 2 5 9 .89 4 . 2 0 11 .32 5 .49 
5 x l 0 ~ V 5 x l 0 " 2 2 6 . 3 8 10 .72 9 .65 1 8 . 4 0 12 .33 
2 x l 0 " V 2 x l 0 " 2 36 .29 11 .98 1 9 . 3 1 2 5 . 3 2 21 .28 
l x l 0 " V l x l 0 ~ 2 43 .27 12 .32 24 .45 2 9 . 6 3 26 .36 
5 x l 0 " 2 / 5 x l 0 ' ^ 51 .44 15 .23 2 7 . 7 0 3 5 . 2 9 32 .04 
2 x l 0 " 2 / 2 x l 0 " ^ 55 .37 16 .32 2 7 . 4 8 4 1 . 4 5 34 .49 
I x l 0 " 2 / l x l 0 ~ 3 58 .33 16 .14 2 5 . 1 3 4 6 . 3 0 38 .26 
79 
TABLE-2 
PERICARDIAL HETfBRANE POTENTIAL AT DIFFERENT CONCENTRATION FOR 
MULTIVALENT ELECTROLYTES AT 25**C. 
Concentrations Potentials (mV) 
Cp/C, 
(mo le /1 ) ZnClg MnClg CuClg NiClg CQClg CaClg CrClg 
1/1x10"^ M 2 8 . 5 0 3 0 . 8 9 1 7 . 4 5 2 2 . 4 0 16 .98 2 1 . 4 1 26 .54 
5 x l 0 " V 5 x l 0 " 2 32 .46 3 3 . 6 8 2 3 . 5 5 23 .34 18 .28 2 5 . 7 6 29 .72 
2 x l 0 " V 2 x l 0 " 2 3 5 . 3 1 3 5 . 5 1 2 7 . 7 3 2 9 . 6 6 2 0 . 5 5 27 .44 3 5 . 4 0 
l x l 0 ~ V l x l 0 ~ 2 40 .56 38 .72 33 .04 3 3 . 3 1 2 7 . 4 3 3 1 . 9 6 4 2 . 3 5 
5 x l 0 " 2 / 5 x l 0 " ^ 46 .42 43 .04 4 0 . 3 3 3 9 . 2 0 3 1 . 1 1 3 5 . 4 2 48 .44 
2 x l 0 " 2 / 2 x l 0 " 3 5 3 . 1 8 45 .44 45 .54 4 5 . 4 5 3 5 . 9 6 39 .82 5 6 . 2 1 
I x l 0 " 2 / i x l 0 ' 3 5 2 . 1 1 4 7 . 6 5 4 8 . 3 2 3 2 . 9 3 38 .44 4 3 . 6 6 5 7 . 9 8 
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• NHACI 
• NaCI 
o NaF 
X KCI 
log{C, ^ 0 2 1 1 ) 
Fig.2: Plots of observed membrane potential 
against log (C^ + Co)/2 for 
electrolytes with pericardial membrane 
( A0 or Em) 
uni-univalent 
E 
UJ 
o 
< 60 
c 
^ -4 0 (-
Q. 
c 
o 
| - 2 0 
2 
X ZnCl2 
A MnCl2 
o CuCU 
2 -1 
log{Ct*C2)/2 
0 
6 
bJ 
o 
•Si. 60 
c 
o 
o 
E 
2 
-AO -
-2 0 -
2 -1 
log{Ci+C2)/2 
0 
Fig. 3 & 4: Plots of observed membrane potential {t^^oT Em) 
against log (C;^  *r C2)/2 for multivalent 
electrolytes with pericardial membrane. 
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Equation [19] indicates that the value of fi as well as 
a relation between o^  and B can be obtained by evaluating 
the intercepts and the initial slope of a plot of A0r 
against C2• Figure 5 and 6 show a relation of reduced 
membrane potential ( A0r) with variation in concentration 
in the low concentration range of the electrolyte. With an 
increase in concentration, A0r shows an insignificant 
decrease. The value of intercept is equal to _L In/" from 
which ^ may be evaluated. The j ^ values obtained are 
listed in Table 3. 
It has been found experimentally that at a fixed value 
of y, the inverse of an apparent transport number (tapp) of 
co-ion species is proportional to the inverse of 
concentration, C2, in higher salt concentration range. Here 
tapp for 1:1 electrolyte is defined by equation [21] and for 
multivalent electrolytes it is defined by equations [6] and 
[7]. The values of the transport number (t^), calculated 
from the observed membrane potentials using equations [6], 
[7] and [21] are listed in Tables (4-5). Figures (7-9) show 
the variation of the inverse of tapp of ions with that of 
the inverse of concentration, ^2- As the inverse of the 
concentration increases the inverse of the apparent 
• NaCI 
X NaF 
A KF 
A NH4CI 
o KCI 
C2X 10^ 
Fig.5: Plots of lA0r(/2.303 versus C2 x 10^ for 
electrolytes with pericardial membrane. 1: 1 
O 
m 
CM 
1.0 -
0-8 r 
J:^ 0.6 -
0.^  -
0.2 -
0.0 
• ZnCl2 
o MnCl2 
X CuCl2 
A NiCl2 
• C0CI2 
+ CaCl2 
A CrCl3 
0 1 2 
CoXlO^ 
Fig. 6: Plots of l^:i 0r|^2. 303 versus C2 x 10^ for various 
2 • 1 and 3:1 electrolytes with pericardial membrane. 
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TABLE-3 
THE DERIVED VALUES OF PARAMETERS ^ AND ^ FOR VARIOUS 
ELECTROLYTES WITH PERICARDIUM AT T= 10. 
Electrolyte 
NaCl 
NaF 
KCl 
KF 
NH4CI 
ZnCl2 
MnClg 
CUCI2 
NiClg 
C0CI2 
CaCl2 
CrClg 
Parameters 
0.56 
0.55 
0.59 
0.49 
0.44 
0.63 
0.67 
0.55 
0.57 
0.52 
0.68 
0.58 
0.97 
1.22 
3.51 
1.55 
2.00 
1.09 
1.22 
1.18 
1.28 
1.29 
1.15 
0.77 
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TABLK-4 
TRANSPORT NOMBER (t pp^) DERIVED FROM THE OBSERVED MEMBRANE 
POTENTIALS AT VARIOUS ELECTROLYTE CONCENTRATIONS AT 1^  = 10 FOR 
PERICARDIUM 
Electrolytes 
Concent rat ion 
(mole/litre) NaCl NaF KCl KF NH4CI 
1/1x10"^ M 0.35 0.38 0.46 0.40 0.45 
5xl0"V5xl0"2 0.28 0.39 0.42 0.34 0.39 
2xl0"V2xl0"2 0.19 0.35 0.34 0.29 0.32 
lxl0"Vlxl0"2 0.13 0.40 0.29 0.25 0.28 
5xl0"^/5xl0"^ 0.07 0.38 0.27 0.20 0.23 
2xl0"V2xl0"'^ 0.03 0.36 0.27 0.15 0.21 
Ixl0"2/lxl0"^ 0.01 0.36 0.29 0.11 0.18 
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TABLK-5 
TIIANSFORT NUMBER ( t „ ^ ^ ) DERIVED FROM THE OBSERVED MEMBRANE 
POTENTIALS AT VARIOOS^^LECTROLYTE CONCENTRATIONS AT r = 1 0 FOR 
PERICARDIUM 
E l e c t r o l y t e s 
Concentrat ion 
( m o l e / l i t r e ) ZnClg MnCl2 CuClg NiClg CoClg CaClg CrCl3 
1/1x10"^ M 0 . 3 5 0 . 3 2 0 .47 0 . 4 2 0 . 4 8 0 . 4 3 0 .37 
5 x l 0 " V 5 x l 0 " 2 0 . 3 0 0 . 2 9 0 . 4 0 0 . 4 0 0 . 4 6 0 . 3 8 0 . 3 3 
2 x l 0 " V 2 x l 0 " 2 0 .27 0 . 2 6 0 . 3 5 0 . 3 3 0 . 4 4 0 . 3 6 0 .27 
l x l 0 " V l x l 0 " 2 0 . 2 1 0 . 2 3 0 . 2 9 0 . 2 9 0 . 3 6 0 . 3 1 0 . 1 9 
5xl0"2/5xl0"'^ 0 . 1 4 0 . 1 8 0 . 2 1 0 . 2 2 0 . 3 2 0 .27 0 . 1 2 
2 x 1 0 ' 2 / 2 x 1 0 "-^  0 .07 0 . 1 5 0 . 1 5 0 . 1 5 0 . 2 6 0 . 2 2 0 . 0 3 
Ix l0"2 / lx l0~*^ 0 . 0 8 0 . 1 3 0 . 1 2 0 .17 0 . 2 3 0 .17 0 . 0 1 
Fig.7: Plots of 1/tapp versus l/Co for uni-univalent 
electrolytes with pericardial membrane. 
ZnCI-
Q. 
a. 
C3 
1/C-
NiCl-
1/C-
Fig.8 & 9: Plots of 1/tapp versus I/C2 for multivalent 
electrolytes with pericardial membrane 
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transport number also increases. This has been observed only 
in high concentration range, and has been found to be absent 
in the dilute concentration range, due to an inadequate 
concentration for raising the required polarization. 
Equation [22] indicates that the intercept for a plot 
of tapp versus I/C2, at a fixed value of iT allows the value 
of 06 to be determined. The value of the intercept is equal 
to 1/1-oA , from which oL may be evaluated. Figures 7-9 
illustrate the plots of 1/tapp versus I/C2 for various 
electrolytes. The values of e^  are listed in Table 3. 
For the evaluation of charge density ( © ), there are 
two limiting cases, (i) In the dilute range, the value of ©o 
may be determined by the slope of Figures (7-9) equated with 
V'-l 1 1 
0j value was evaluated by inserting the value of ri. and 0 
in it and is listed in Tables 8 and 9. 
(b) In concentrated range using equation [22] the slope 
of a plot is given by 
(1 + /Q- 2od/a ) ( T-l) 
2 (1 - 06 )2 In/* 
Once oC and ^ are known in the manner described above, 
the charge density 9^ , is also evaluated from the initial 
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slope of 1/tapp against I/C2 plot. The present study reveals 
that the charge density (©^ j) in dilute and the charge 
density (©^ ^ ^^ concentrated range agree well with each 
other (Table 8 and 9), thereby confirming the applicability 
of Kobatake and his co-worker's equation to this biological 
membrane. 
Furthermore, Kobatake et al. (86). equation 
y-e^ 
= Z 
e^l 
[32] 
[ ^^^ + (1 - 2«<i ) Iny^  
in which, q = [33] 
[(1//5 ) + (1 -2o6)] 
and Z = Cg 7,^ /3^  [34] 
has been found to be applicable even to biological 
membranes as apparent from the plots of log ( ^-e^/e^-1) 
versus log Z shown in Figures 10 and 11. 
The usual method for the characterization of membranes 
in terms of permselectivity (Ps), which is applicable to 
any system, irrespective of ionic species, has been 
developed by Kobatake et al. (97) who have derived equation 
[28] for the measurement of permselectivity (Ps) for a 
positively charged membrane. It may be noted that the Ps 
value between zero and unity depends on the external salt 
• 
A 
A 
o 
X 
NaCI 
NaF 
KCI 
KF 
NHi;CI 
Fig.10: Plot of log ( 
uni-univalent 
membrane. 
r - e^)/(e^-l 
electrolytes 
versus log Z for 
with pericardial 
• ZnCl2 
o MnCl2 
x CuCIo 
A NiCl2 
A C0CI2 
CaCl2 
A CrCl2 
F i g . 1 1 : P l o t of l o g 
mult,ivalen"L 
membrane. 
( r- ) / ( e ^ - l ) 
e l e c L r o l y b e s 
versus 
with 
log Z for 
pericardial 
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concentration for the given system of membrane electrolyte 
pair. Now Ps can be calculated from the data of membrane 
potential, while the left hand side of equation C28] is a 
function of the relative concentration ^ = C/0X or (C^ + 
C2)/2 0X. Thus, the value of the right hand side should be 
independent of the mobilities of ionic species involved. 
Equation [28] implies that the plot of Ps vs. ( 1 + 4 ^ ^ ) ~ 
' should be a straight line of unit slope provided the 
charge density is independent of salt concentration. The 
various values of permselectivity (Tables 8-7) were 
calculated by substituting the values of oC and tapp for the 
pericardium. Another method of determining the charge 
density, based on permselectivity as developed by Kobatake 
(97) has also been used here. The calculated values of Ps 
of pericardial membrane were plotted against log (C^  + 
C2)/2. The curves thus, obtained with various electrolytes 
are shown in Figures (12-14). When the average 
concentration, (Cj +C2)/2, becomes unity, i.e. C/ 0X =1. 
Substituting this value of ^ =1 in Ps = (1 +4 ^ ^ ) " - ^ / ^ , 
the value of Ps becomes equal to 0.448. At this particular 
value, the corresponding concentration was obtained from the 
Ps versus log (C^ + C2)/2 plot. It is clear from Figures 
(12-14) that this value of concentration should be equal to 
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TABLK-6 
VALUES OF PKBMSELECTIVITY (P ) OF KEHBRANE ELECTROLYTE SYSTEHS 
FOR VARIODS 1:1 ELECTROLYTES AT DIFFERENT CONCENTRATIONS. 
Concentration Electrolytes 
C p / C i 
( m o l e s / l i t r e ) NaCl NaF KCl KF NH4CI 
1/1x10"^ 0 . 1 8 0 . 0 9 0 . 0 6 0 . 1 1 0 . 0 9 
5 x l 0 " V 5 x l 0 " 2 0 .34 0 . 2 2 0 . 0 3 0 . 2 3 0 . 2 8 
2 x l 0 " V 2 x l 0 ~ 2 0 . 5 3 0 .34 0 . 1 2 0 . 3 8 0 . 4 3 
l x l 0 " V l x l 0 " 2 0 . 6 9 0 . 4 2 0 . 0 3 0 . 4 6 0 . 5 1 
5 x l 0 " 2 / 5 x l 0 ' ^ 0 . 8 4 0 . 5 3 0 . 0 8 0 . 5 6 0 . 5 6 
2x10 "2 /2x10 "-^  0 . 9 3 0 . 6 5 0 . 1 0 0 . 5 9 0 . 5 5 
I x l 0 " 2 / l x l 0 " ^ 0 . 9 8 0 .74 0 . 0 9 0 . 6 6 0 . 5 2 
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TABLE-7 
VALDKS OF PKRMSELKCTIVITY (P ) OF HEMBRANE ELECTROLYTE SYSTEMS 
FOR VARIOOS 1:1 ELECTROLYTES AT DIFFERENT CONCENTRATIONS 
Concentration Electrolytes 
Cg/Ci 
( m o l e / l i t r e ) ZnCl2 MnClg CUCI2 NiCl2 C0CI2 CaClg CrClg 
1 /1x10"^ M 0 . 0 4 0 . 0 2 0 . 0 4 0 . 0 2 0 . 0 3 0 . 0 2 0 . 1 0 
5 x l 0 " V 5 x l 0 " 2 0 . 1 6 0 . 0 9 0 . 1 0 0 . 0 6 0 . 0 8 0 . 1 1 0 . 1 9 
2 x l 0 " V 2 x l 0 " 2 0 . 2 3 0 .17 0 . 2 1 0 . 2 1 0 . 1 2 0 . 1 6 0 . 3 2 
l x l 0 " V l x l 0 ' 2 0 . 3 8 0 . 2 5 0 . 3 3 0 . 3 0 0 . 2 8 0 . 2 6 0 . 5 1 
5 x l 0 " 2 / 5 x l 0 " ^ 0 .57 0 . 4 0 0 . 5 1 0 . 4 6 0 . 3 6 0 . 3 5 0 . 6 8 
2 x l 0 " 2 / 2 x l 0 " ' ^ 0 . 77 0 . 4 9 0 . 6 5 0 . 6 2 0 . 4 8 0 . 4 6 0 . 9 2 
I x l 0 " 2 / i x l 0 ~ 3 0 . 7 4 0 . 5 6 0 . 7 1 0 . 5 7 0 . 6 6 0 . 5 8 0 . 9 7 
d!" 
iog(CrC2i/2 
Fig.12: Plots of Ps versus log (Cj + C2)/2 for various 
electrolytes with pericardial membrane. 
1:1 
oy 
c^ O.A -
2 -1 
log{Ci + C2)/2 
2 -1 
log(q+C2)/2 
Fig. 13 & 14: Plots of Ps versus log (C^ + C.^)/^ for various 
2:1 and 3:1 electrolytes with pericardial 
membrane. 
O'i, 0-6 0>8 10 
Fig.15: Plot of Ps versus l//l-t-4^  for uni-univalent 
electrolytes with pericardial membrane. 
Qy> 
1.0 -
0.8 -
0.6 -
O.A ~ 
0.2 -
• 
o 
X 
A 
A 
• 
A 
ZnCl2 
MnQj 
CuCU 
NiCl2 
C0CI2 
CaCl2 
CrCl3 
0.0 
0.0 0.2 OM 0.6 0.8 1.0 
Fig.16: I//1 + Plot of Ps versus 1 4 ^  '^  for multivalent 
electrolytes with pericardial membrane. 
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a fixed charge density for various electrolytes. The values 
of charge density obtained with various electrolytes are 
given in Tables (8-9). Plots of Ps versus (1 + 4>^2)-l/2_ 
using different electrolyte are shown in Figures 15 and 16. 
An apparent straight line of slope close to unity is 
the theoretical line with the assumption that the values of 
0X are independent of salt concentration as apparently 
found in the case of NaCl and CrCl3 unlike those of the 
other electrolytes for which ^ X seems to be a function of 
salt concentration as is clear from the limiting values of 
Ps versus ( 1 + 4 '^  )~ ^  plots. An examination of Tables 8-
9 suggests the extent to which the values of 0X, depend on 
salt concentration is different in the cases of other 
electrolytes in which such a dependence is quite marked. 
Such a behaviour may consequently be understood in terms of 
the nature as well as the concentration of the ionic species 
present across the pericardial membrane. 
Nagasawa et al (98) have derived two limiting forms of 
expression for membrane potential (Em) (a) at extremely low 
concentration [equation 16] and (b) at high concentration 
[equation 31] of electrolytes respectively. In extremely 
high concentrations, equation [31] predicts a linear 
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TABLE-8 
VALDKS OF THE EFFECTIVE FIXED CHARGE DENSITY (•ole/dm^) OF 
MEMBRANE ELECTROLYTE SYSTEMS OSING DIFFERENT THEORIES 
Electrc 
NaCl 
NaF 
KCl 
KF 
NH4CI 
ilyte 
©c 
10.70xl0'2 
4.93xl0"2 
3.94xl0"2 
6.58xl0"2 
6.71xl0"2 
Kobatake method 
©d Ps 
2.16xl0"2 
8.84xl0"2 
4.04xl0"2 
13.71xl0"2 
-
V_ log Ci+C. 
^0X ^ • 
15.14xl0~2 
5.01xl0"2 
-
6.07xl0"2 
8.91xl0"2 
1 
2/2 
Nagasawa method 
Em V_ 1/C, 
Jx 
4.Ilxl0"2 
1.29xl0"2 
4.76x10"^ 
1.64xl0"2 
1.90xl0"2 
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TABLE-9 
VALUES OF THE EFFECTIVE FIXED CHARGE DENSITY («oIe/d»^) OF 
MEHBRAME ELECTROLYTE SYSTEMS 0SIN6 DIFFERENT THEORIES 
Electrolyte 
G. 
Kobatake method Nagasawa method 
e. P_ V_ l o g Ci+Cp/2 Em V_ 1/Ci 
ZnClc 
MnClc 
CnCl. 
NiClg 
C0CI2 
CaCl2 
CrClo 
7 .90xl0~2 
8 .70x l0"2 
7 . 4 9 x 1 0 ' ^ 
7 . 0 9 x l 0 ' 2 
11 .70x l0"2 
9 . 2 0 x l 0 " 2 
2 4 . 9 6 x l 0 " 2 
3 .08x10 ' 
r 2 3 .29x10 
2 .30x10"^ 
2 . 2 7 x l 0 " 2 
2 . 2 8 x l 0 ' 2 
5 .67x l0"2 
3 .40x l0"2 
4 . 3 0 x 1 0 -2 
;-2 1 .99x10 
3 .41x10"^ 
2 .82x10" 
-2 1.23x10 
1 .74xl0"2 
6 .81x10 r 2 
1.69x10 - 2 
-2 1 .10x10 
1.38x10"^ 
1 .19xl0"2 
1 .08xl0"2 
9 . 6 1 x l 0 " 2 
1 .08x10 '^ 
Fig.17: Plots of membrane potential (Em) versus l/Ci for 
uni-univalent 
membrane. 
electrolytes with pericardial 
0 10 20 50 100 
1/Ci 
F i g . 1 8 & 1 9 : Plots of membrane potential (Em) versus 
for multivalent electrolytes. 
1/C 
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relationship between A0/^^—-= and 1/c^ (Figures 17-19) 
from which the charge density {0X) can be determined. The 
different values of jZ^ X'^ ^^ i'^ ®'^  from the initial slope of 
various curves of Figures 17-19 are given in Tables 8 and 9. 
The investigations show that the membrane potential can 
be determined with reasonable accuracy. It has also being 
found that when the pericardium separates concentrated 
solutions, the values of potential generated across the 
pericardial membrane are negative. This means that the 
membrane is anion selective and is positively charged. It 
may be noted that anion selectivity decreases as 
concentration across the membrane is increased. Again, it 
was also observed that the apparent transport number values 
for different electrolytes increase with an increase in the 
concentration of electrolytes across the pericardium. 
Furthermore, it is noted from Tables (8 and 9) that the 
values of the charge densities evaluated from the various 
procedures were not much different from each other. A Slight 
differences, in the values of ;25X may be ascribed to the 
different graphical procedures adopted for the evaluation. 
It may, therefore, be concluded that the developed 
theoretical equations for membrane potential are quite sound 
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and that their use for the evaluation of effective fixed 
charge density of membrane is justified for the present 
system. 
It is well known that the properties of biological 
membrane are generally similar throughout the various 
tissues of the body as regards the transport process. 
Therefore, the results obtained from the study of 
thermodynamical properties of a particular biological 
membrane may be extrapolated to other biological membrane to 
a great extent. It can therefore, be concluded from the 
results obtained that variations in trace metal 
concentration in the fluid surrounding biological membranes 
greatly affects its thermodynamic properties which, in 
turn, affect the movement of the fluid, ions, nutrients and 
waste products across biological membranes. 
4.2 BIOCHEMICAL STUDIES 
Lipid Components: 
Total lipid extracted by chloroform methanol (2:1) 
from buffalo pericardium and its constituents were assayed. 
Table 10 shows the levels of various lipid constituents in 
normal buffalo pericardium. As it is evident from the data. 
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TABLE-10 
LIPID COMPOSITION OF BUFFALO (Bof. bubalis) PERICARDIDM 
Parameters Values 
Free Fatty Acid 490.35 + 26.32 
Cholesterol 242.42 + 12.94 
Phospholipid 204.50 + 9.44 
Triglyceride 91.75 + 46.62 
Values expressed in p.g/mg of total lipid Mean + S.D. 
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free fatty acids constitute the major components of the 
membrane (490.35 + 26.32 ;ag/mg total lipid) followed by 
cholesterol which shows 242.42 + 12,98 ;ug/mg total lipid in 
the tissue. Furthermore, it can also be noticed in Table 10 
that the phospholipid fraction of the membrane is slightly 
less than cholesterol (204.5 +9.44 ;ag/mg total lipid). The 
least of all the constituents is the triglyceride fraction 
which is only 91.75 ± 4.62;ig/mg of the total lipid. 
The reviewed evidence indicate the in vivo binding of 
collagen with lipoproteins and lipids, by itself or through 
its association with proteoglycans. Thus collagen can 
thereby play an important role in the deposition of lipids. 
Owing to this, the recovery of collagen from 
chloroform/methanol delipidized pericardium is notably lower 
than that obtained from the untreated tissue. 
All these data could be useful, on one side, in the 
characterization of changes exhibited by stabilization 
treatments of the pericardial tissue (273) and on the other 
side, in assessing the possible progressive remodelation of 
the modified tissue by continuous mechanical stress and the 
biochemical changes leading to impairment of its functions. 
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Trace Elements 
Estimation of trace element was performed by absorption 
spectrophotometry. The following elements were estimated: 
Zn, Mn, Ca, Mg, Ni, Cu, Co, Fe, Pb, and Cr. From the data 
set out in table 11, it can be inferred that the Ca, Mg, Zn 
and Fe are the major trace elements present in the 
pericardial membrane. These together constitute nearly 90% 
of the total elements estimated in this study. Calcium is 
present in high quantity, i.e. about 30-35% of the total 
elements analyzed. Next to follow are magnesium and iron. 
The presence of Zn and Ni contents in appropriate amount can 
be related to the presence of different enzymes linked with 
these metal ions. A notable feature was the high content of 
lead in buffalo and porcine pericardium, which constituted 
about 7.5% of the elements examined. 
Trace elements are heterogenously distributed in 
biological tissues. The metal ions have non-homogenous 
distribution in different part of the body, and this can be 
interpreted as an expression of functional differences at a 
given moment (189). Alteration in their concentration can 
lead to change in different body functions. The normal 
values and pathological variation for a number of trace 
elements in a number of human diseases have been reported 
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TABLE-ll 
TRACE ELEMENT ANALYSIS (fig/g wet weight of tissue) OF NORMAL 
BOVINE (FOFFALO) AND PORCINE PERICARDIAL TISSUE 
Element Bovine Pericardium Porcine Pericdrdium 
23 .24 ± 6 .54 
2 . 3 3 ± 0 . 6 2 
64 .92 + 7 .32 
30 .24 ± 3 .94 
4 . 1 1 ± 0 . 8 4 
3 .21 ± 0 . 4 8 
2 .66 ± 0 . 0 8 
4 6 . 3 3 ± 4 . 7 6 
1 3 . 2 0 ± 0 . 1 9 
0 . 2 9 ± 0 . 0 1 
Zn 
Mn 
Ca 
Hg 
Ni 
Cu 
Co 
Fe 
Pb 
Cr 
Mean ± S.D. 
16.98 
4.36 
46.08 
34.69 
6.34 
2.52 
1.59 
38.82 
11.98 
0.26 
+ 
+ 
+ 
+ 
_+ 
± 
± 
± 
+ 
± 
3.41 
0.68 
5.36 
9.06 
1.20 
0.32 
0.06 
3.52 
0.15 
0.01 
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(274). The data listed in table 11 are useful and 
scientifically for further prospective elemental disease 
states. 
To sum up, it may be deduced that the data 
scientifically analyzed under the investigation are useful 
from view point of the chemical characterization exhibited 
by stabilization treatments of pericardial tissue. 
Calcium uptake study on Bovine zind Porcine pericardium 
It is well documented that the bioprosthetic valves 
implanted in children get calcified over a period of time 
(226). This calcification of the valve limits their use in 
children. Disturbed calcium metabolism in children has been 
implicated as a possible mechanism for calcification. It was 
therefore, considered appropriate to examine the uptake of 
calcium by pericardium. Bioprosthetic valves can be made not 
only from porcine pericardium but also from other species. 
We here, therefore, interested to find out if there was any 
species difference in the handling of calcium uptake by 
pericardial membrane. For this purpose, we compared the 
behaviour of porcine pericardium and bovine pericardium 
under identical conditions. Small pieces of pericardium, 
measuring approximately 1 cm were kept in solutions 
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containing different concentrations of calcium. The calcium 
content of the pericardial tissues were determined after 1 
to 5 hours and 1 to 7 days of immersion in the calcium 
containing fluid. The experimental details are mentioned 
under materials and methods and the observations are given 
below: 
Calcium uptake by pericardium immersed in Ringer's solution 
for 1 to 5 hours 
The findings are listed in table 12. It will be seen 
that the initial level of calcium of the two membranes was 
not much different (46.06 + 5.26 ;ug/g weight of the bovine 
pericardium and 64.91 + 7.32/Ug/g weight of the porcine 
pericardium). It was observed (Figure 20) that the calcium 
concentration of both the membrane increased within 1 hour 
but the rise was more abrupt in case of bovine pericardium. 
However, the level dropped down rapidly to near normal 
levels in case of bovine pericardium within 2 hours of 
immersion of the membrane in the Ringer's solution 
containing 0.24 g/1 of calcium chloride. Later on the 
calcium level did not show much change over the next 3 
hours. In the case of porcine pericardium a drop in calcium 
level (105.56 ± 16.42 ^ ig/g weight of the tissue) occurred in 
the 3rd hour, followed by another peak in the 4th hour, 
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TABLE-12 
CALCIUM OFTAKE BY PERICARDIAL MEMBRANE IMMERSED IN RINGER'S 
SOLOTION FOR 1 TO 5 BOORS EXPRESSED IN TERMS OF /ig/g wet 
welgh-b of tissue 
Time Bovine Pericardium Porcine Pericardium 
(Hour) 
164.57 ± 10.78 
371.33 ± 20.19 
105.56 ± 16.42 
210.78 ± 14.63 
113.08 ± 12.59 
1 
2 
3 
4 
5 
Mean + S.D. 
280.23 + 
70.71 + 
56.81 ± 
47.41 + 
52.00 + 
35.95 
6.64 
9.02 
7.48 
3.64 
350-
I/) 
3 
Of 
a 
QL 
3 
E 
.2 
o 
o 
-o— Bovine 
-•"- Porcine 
Fig.20: Plots of calcium uptake by Pericardium, 
versus time immersed in Ringer's solution for 
1 to 5 hours. 
lOi 
reaching a level of 210.78 + 14.63 }xg/E. weight of the 
tissue. There was a subsequent fall in the 5th hour but the 
level remained significantly higher as compared to bovine 
membrane. On the other hand, no significant change was 
observed in bovine pericardium. 
CalciUB uptake by pericardium immersed in Ringer's solution 
for 1 to 7 days 
The results of calcium uptake by bovine and porcine 
membrane are listed in table 13. In the case of bovine 
pericardium (Figure 21), the calcium concentration gradually 
increased with the increase of immersion time. Maximum 
calcium uptake by bovine pericardium was found on the 7th 
of day while, in the case.porcine pericardium the calcium 
concentration increased rapidly by the second day (298.55 + 
11.79 >ig/g weight of the tissue). A drop of calcium level in 
porcine membrane was also observed on the 3rd day. However, 
the level of calcium concentration dropped down rapidly on 
the 5th day to near normal level. Later on there was an 
increase of calcium level on the 6th and the 7th day. The 
calcium uptake level remained significantly higher as 
compared to bovine pericardium throughout the course of the 
study. 
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TABLE-13 
CALCIOM UPTAKE {fig/e wet weight of tissue) BY FERICABDIAL 
EHEBRAME IMK-ERSED IN RINGER'S SOLOTION FOR 1 TO 7 DAYS 
Time Bovine Porcine 
(Day) 
139.46 ± 13.83 
298.55 ± 11.79 
66.47 ± 5.93 
202.33 ± 10.15 
67.31 ± 6.93 
150.84 ± 5.42 
163.57 ± 5.93 
1 
2 
3 
4 
5 
6 
7 
Mean ± S.D. 
61.21 
51.66 
64.53 
67.79 
80.57 
98.78 
115.64 
+ 
± 
+ 
+ 
+ 
+ 
+ 
10.91 
7.52 
4.57 
7.81 
6.47 
3.38 
8.93 
"Bovine 
"Porcine 
Time(clays) 
Fig.21: Plots of calcium uptake by pericardium versus time 
immersed in Ringer's solution for 1 to 7 days. 
1 0 '• 
Calcium uptake by pericardium Immersed In Ringer's -i- Calcium 
chloride solution at 0.5 M for 1 to 5 hours 
The results are shown in table 14 and figure 22. The 
calcium level in bovine pericardium rapidly decreased 
within 1 hour. It was followed by a rapid increase of 
calcium concentration in the 2nd hour, reaching a level of 
260.46 + 9.14 jug/g weight of the tissue. The level fell down 
to near normal level by the 4th hour. A second increase of 
calcium concentration occurred in the 5th hour (179.50 + 
12.42 ;ug/g weight of the tissue). On the other hand, the 
porcine pericardium (Figure 22) showed an increase of 
calcium concentration in the 3rd hour (167.29 + 8.01 Aig/g 
weight of the tissue) but it dropped down to 110.22 + 9.96 
MS/e weight of the tissue in the 4th hour. A second increase 
of calcium level was noted in this case also in the 5th 
hour. In this experiment the calcium uptake by bovine 
pericardium was found to be higher as compared to porcine 
pericardium. 
Calcium uptake by pericardium Immersed In RingerV-t- Calcium 
chloride solution at 0.05 M for 1 to 5 hours. 
The results are shown in table 14 and Figure 23. 
Calcium uptake by porcine pericardium was much higher than 
104 
the bovine pericardium. The calcium level in the case of 
bovine pericardium increased to 78.63 ± 3.04/Ug/g weight of 
the tissue within one hour, and then it started decreasing. 
The lowest leVel of calcium was observed in the 5th hour 
(32.68 + 7.91 ;ug/g weight of tissue). In the case of porcine 
pericardium (Figure 23) the increase of calcium 
concentration continued upto the 4th hour, the highest 
values being 620.13 + 19.42 Aig/g of tissue. Finally, there 
occurred a fall in calcium level in the 5th hour. 
Calcium uptake by pericardium immersed In Ringer's -t- Calcium 
Chloride solution at 0.005 M for 1 to 5 hours 
Porcine pericardium showed higher calcium level as 
compared to bovine pericardium. The results are shown in 
table 14 and Figure 24. In the case of bovine pericardium 
(Figure 24) an increase in calcium concentration occurred in 
the first hour followed by a gradual decrease in the calcium 
level up to the 4th hour, but this change was not 
significant. In the case of bovine pericardium maximum 
calcium concentration was observed in the 5th hour(126.45 ± 
13.41 >ug/g weight of tissue) while in the case of porcine 
pericardium an increase of calcium level was observed within 
3 hours reaching a level of 635.96 + 23.24/Ug/g weight of 
tissue followed by a fall of concentration in the 4th 
and 5th hours. 
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Fig.22: Plots of calcium uptake by pericardium versus time 
immersed in Ringer's + Calcium Chiloride solution at 
0.5M for 1 to 5 hours. 
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Fig.23: Plots of calcium uptake by pericardium versus time 
immersed in Ringer's + Calcium Chloride solution at 
0.05M for 1 to 5 hours. 
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Fig.24: Plots of calcium uptake by pericardium versus time 
immersed in Ringer's + Calcium CViloride solution at 
0.005M for 1 to 5 hours. 
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Calcium uptake by pericardium immersed in Ringer's + 
Calcium Chloride solution at 0.5 M for 1 to 7 days. 
The findings are shown in table 15 and Figure 25. There 
occurred an increase in calcium concentration of bovine 
pericardium within 2 days. Maximum peak of rise in calcium 
level was observed on 2nd day (248.27 + 11.32 /Ug/g weight of 
tissue). Later on the calcium level showed continuous 
decrease with the increase of immersion time. In the case of 
porcine pericardium rapid increase of calcium level occurred 
on the first day (1068.58 + 25.62 ^ ig/g weight of tissue). 
However, the level dropped down rapidly to near normal 
level. Slight increase of level was found in 3rd day 
followed by gradual decrease with the passage of time. 
Calcium uptake by pericardium immersed in Ringer's -t- Calcium 
Chloride solution at 0.05 M for 1 to 7 days. 
Results obtained by bovine and porcine pericardium are 
shown in the table 15 and Figure 26. Bovine pericardium 
showed steady increase of calcium concentration upto the 5th 
day, attaining a level of 321.83 + 16.32 ^g/g weight of 
tissue. It was followed by a decrease in calcium level on 
the 7th day. In the case of porcine pericardium rapid 
increase of calcium concentration occurred on the 4th day, 
reaching a level of 980.17 + 17.65 /Ug/g weight of tissue. 
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However, the level dropped down rapidly to near normal 
level. The over all uptake of calcium by porcine pericardium 
was much higher than the bovine pericardium. 
Calcium upteike by pericardium immersed in Ringer's + Calcltim 
chloride solution at 0.005 M for 1 to 7 days. 
Results are shown in the table 15 and figure 27. 
Calcium uptake by both the bovine and the porcine 
pericardium showed an undulating pattern. Bovine pericardium 
showed an initial increase of calcium concentration by the 
2nd day. It was followed by a fall on the 3rd day, and a 
rise on the 4th day, which reached the highest level of 
297.52 ± 14.51yug/g weight of tissue. There was again a fall 
on the 5th day, and then a gradual increase on the 6th and 
7th days of the study. A similar pattern was seen in the 
case of porcine pericardium but the level in general 
remained higher as compared to the bovine pericardium. 
Calcium uptake by pericardium Immersed In calcium chloride 
solution at 0.5 M for 1 to 5 hours. 
The results are shown in the table 16 and Figure 28. 
The basal calcium level of both the bovine and the porcine 
pericardium was around 46 to 64 ^ g/g weight of tissue. 
Porcine pericardium did not show any significant change in 
108 
UJ 
oc 
o 
u 
-1 
« 
u 
• 
en 
• 
oc 
Ul 
(D 
z 
»ii4 
OC 
z 
•-« 
o 111 
Ol 
oc 
CO 
>-
<c Q 
t^ 
o K-
W 4 
oc 
n 
i n 
« : a> 
UJ <x 
- I n 
•-^ • 
oc 
« -
u z 
a . 
en 
> - z 
a flc 
4J ( J 
o o 
JZ <C 
I— 
X a 
en 
^ 
« 
u 
_ l 
01 
c 
u 
u 
o 
x: 
n 
r > 
x: 
m 
a 
•^^ 
•o 
« 
u 
01 
a. 
> 
o 
m 
c o 
01 • « — 
U -aJ 01 >* 
C M S " 
O u •^ C^ 
u •< »— ^ 
to 
T 
Cvl 
4 
CM >o 
CNJ 
CM 
i n — 
in 
CB 
CN 
rvi 
+ 1 
in 
CM 
4 
CM 
CB 
CO 
o 
•••1 
CO 
CM 
SB 
CM 
CM 
CM 
O 
TT 
CM 
+ 1 
00 
l>> 
s 
c^  
V 4 
•O 
in 
+ 1 
s 
00 
CM 
in 
1^ 
o^ 
CM 
+ 1 
0^ 
00 
00 
-0 
00 
in 
to 
to 
+ 1 
CM 
00 
(B 
* 
-t> 
+ 
in 
ea 
CM 
in 
CM 
•fi 
CO 
in 
00 
in 
+ 1 
CM 
CM 
CM 
CM 
•O 
+ 1 
«ir 
CM 
CM 
00 
+ 1 
e» 
OB 
^-4 
CM 
•«-l 
to 
lo 
-••1 
in 
CN 
•^  
•»• 
9 
CB 
CN 
•-< CM i n • ^ 
CM t o » i n 00 M CM 
^ •^ to • • • • 
• • • ^* t o »-« ^ 
00 ^ CM <» •— 
+ 1 + 1 + 1 + 1 - H + 1 + 1 
o - m o~ CN < • i n o> 
- ^ 68 t o i n * «r «B 
- < ^ 1 ^ r^ t o o~ r^ 
CB <o •«• » • i n s "O 
~t -^ CM - M CM CM 
CM - • CM i n CM 
' - I - ^ >0 O' lO » « • 
CM O • • • • • 
. > ' M CM • « l o i n 
r** i n "^ • ^ ^^ 
+ r + 1 4-1 + 1 + 1 + 1 + 1 
•o ^ i~> o - t o i n CM 
CO s so CM 00 r^ t o 
^ to t^  -.o —1 «• in 
-O 00 0~ -^ CM CM r^ 
—< to —i 
CM CM — to «»• t ^ to 
o to in to CM •* »• 
in •-« to «• 1^ to CM 
+ 1 -H +1 -t-l +1 +1 +1 
CM r^ -« 00 to in 00 
~o CM 00 s ^ in "-< 
O 00 a^- -O •^ CM CM 
•-4 ^ ^o »-• ^ •'^  r** 
-^ CM ^ -. 
en 
c 
—• CM 
llOOh 
Bovine 
Porcine 
Tlnne(days) 
Fig.25: Plots of calcium uptake by pericardium versus time 
immersed in Ringer's + Calcium Chloride solution at 
0.5M for 1 to 7 days. 
1100 
•o Bovine 
_# Porcine 
T i n n e ( d a y s ) 
Fig.26: Plots of calcium uptake by pericardium versus time 
immersed in Ringer's +• Calcium Chloride solution at 
0.05M for 1 to 7 days. 
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Fig.27: Plots of calcium uptake by pericardium versus time 
immersed in Ringer's + Calcium Chloride solution at 
0.005M for 1 to 7 days. 
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calcium level. On the other hand, there was a rapid increase 
in calcium content of bovine pericardium, reaching a level 
of 1461.52 + 24.92 fig/g, weight of tissue within 2 hours of 
immersion. However, the level fell down to near normal level 
by the 3rd hour and thereafter did not show any significant 
change during the next 2 hours. 
Calcium uplvake by pericardium immersed in calcium chloride 
solution at 0.05 M for 1 to 5 hours. 
The results are shown in the table 16 and Figure 29. 
Immersion of the pericardial tissue in the calcium chloride 
solution caused an increase of calcium content of both the 
bovine and porcine pericardial tissues. However, the initial 
uptake of calcium was much higher in the bovine pericardium, 
reaching a level of 1880.55 + 34.39/Ug/g weight of tissue 
within 1 hour. But the level fell down to 203.42 + 13.19 
/Ug/g weight of tissue by the 3rd hour and then it did not 
show any significant change. The porcine pericardium 
registered a rise after 1 hour and the maximum uptake was 
recorded at 2nd hour (563.06 ± 18.70/Ug/g weight of tissue). 
The levels came down to (180.61 + 7.25 fxg/g weight of 
tissue) by the third hour. But another rise occurred in the 
4th hour, reaching a level of 903 + 21.51 yug/g weight of 
tissue. Again a fall was recorded in the 5th hour to 664.90 
± 19.66/Ug/g weight of tissue. 
Bovine 
-------- Porcine 
Time (hours) 
Fig. 28: Plots of calcium uptake by pericardium versus time 
immersed in Calcium Chloride solution at 0.5M for 1 
to b hours. 
Bovine 
Porcine 
2 3 A 
TInne (hours) 
Fig.29: Plots of calcium uptake by pericardium versus time 
immersed in Calcium Chloride solution at 0.05M for 
1 to 5 hours. 
Bovine 
.._.0-.-. Porcine 
1 2 3 
Time (hours) 
Fig.30: Plots of calcium uptake by pericardium immersed in 
Calcium Chloride solution at 0.005M for 1 to 5 
hours. 
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Calcluitt uptake by pericardium immersed in calcium chloride 
solution at 0.005 M for 1 to 5 hours. 
The results are shown in table 16 and Figure 30. The 
bovine pericardium recorded rapid rise of calcium soon after 
immersion, the level in the 1st hour of immersion being 
1455.43 ± 23.29 yug/g weight of tissue. A steep fall of 
calcium content occurred in the 3rd hour and the levels came 
down to 208.01 ± 8.31 /ug/g weight of tissue. No significant 
change in calcium concentration occurred in the 4th and 5th 
hours. The porcine pericardium did not show any steep 
changes in calcium turn over, though there was a tendency to 
take up calcium with the passage of time. 
Calcium uptake hy pericardium immersed in calcium chloride 
solution at 0.5 M for 1 to 7 days 
The results are shown in the table 17 and Figure 31. 
The bovine pericardium showed a sharp initial rise and then 
a fall of calcium level within 2 days followed by a gradual 
rise later. In the case of porcine pericardium the rise of 
calcium concentration was quite smooth. 
Calcium uptake by pericardium immersed in calcium chloride 
solution at 0.05 M for 1 to 7 days 
The results are shown in the table 17 and Figure 32. 
There was a gradual increase of calcium level with the 
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Fig.31". Plots of calcium uptake by pericardium versus time 
immersed in Calcium Chloride solution at 0.5M for 1 
to 7 days. 
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Fig.32: Plots of calcium uptakes by pericardium versus time 
immersed in Calcium Chloride solution at 0.05M for 
1 to 7 days. 
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passage of time both in bovine and porcine pericardium. The 
highest values were recorded in the bovine pericardium on 
the 7th day (379.93 ± 13.16/ig/g weight of tissue). 
Calcium uptake by pericardium immersed in calcium chloride 
solution at 0.005 M for 1 to 7 days 
The results are shown in table 17 and Figure 33. The 
bovine pericardium showed a consistent increase of calcium 
level and the final level was found much higher than normal 
(496.12 ± 11.25 /Ug/g weight of tissue). The porcine 
pericardium recorded maximum rise of calcium level on the 
3rd day (346.96 + 15.23/Ug/g weight of tissue) and followed 
by a fall of level was on the 4th (166.97 + 6.45/ag/S weight 
of tissue). The porcine pericardium did not show any 
significant change in calcium levels after the 4th day of 
Immersion. 
The following inferences can be drawn from these 
calcium uptake experiments. 
1. It was observed that there was general a trend towards 
increase in calcium level of both the bovine and the porcine 
pericardial tissues over 7 days. 
2. The handling of the calcium by the pericardial tissue 
depended not only on the species (bovine/porcine) but also 
114 
on the concentration of the bathing fluid in the first 5 
hours of immersion. However, the difference in the behaviour 
of the bovine and the porcine pericardium narrowed down by 
the seventh day. 
3. A curious observation was that while porcine 
pericardium showed higher calcium values in Ringer's and 
Ringer's + calcium chloride solution as compared to the 
bovine pericardium, the findings were reversed when the 
tissues were immersed in calcium chloride solution only. At 
present we are not in a position to account for this pattern 
of behaviour of the pericardial tissues in handling of 
calcium. 
4.3 HISTOLOGICAL STUDIES 
Light Microscopic Studies: 
Normal histology of biological membrane pericardium was 
examined with light and electron microscope under different 
magnifications. The details are given below. 
Figure 34 shows that the visceral layer of epicardium 
is simple squamous epithelium. Subepicardial space, blood 
vessels and nerves are seen. Parietal layer of pericardium 
is lined with continuous simple squamous epithelium and 
surrounded by adventitious layer. 
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Figure 35 at magnification X100 shows only parietal 
layer of pericardium which is broken at places and covered 
with adventitious layer. 
Figure 36 shows that the visceral layer of pericardium 
is continuous. The subepicardial space shows blood vessels 
and nerves cells. Parietal pericardium is lined by simple 
squamous epithelium which is not regular. 
Figure 37 at magnification X100 shows that the visceral 
pericardium consists of simple squamous epithelial lining. 
Subepicardial space is loosely arranged. Parietal 
pericardium shows discontinuous simple squamous epithelial 
lining. Parietal pericardium is covered with adventitious 
lining. 
Figure 38 at magnification x 40 shows that the visceral 
pericardium is irregularly broken. Subepicardial space shows 
wide gaps. Parietal pericardium is continuously lined with 
simple squamous epithelium and covered by adventitious 
layer. 
Figure 39 at magnification x 100 shows only parietal 
layer of pericardium, covered by adventitious layer and 
parallel running, loosely arranged, collagen fibers. 
Figure 40 at magnification x 40, the visceral 
pericardium shows broken lining of simple squamous 
l is 
epithelium. Subepicardial space shows blood vessels and 
nerves. Parietal pericardium is covered by adipose tissue. 
Micrograph of figure 41 shows the visceral pericardium 
only. Subepicardial space shows blood vessels and nerve 
cells. Bundles of parallel running collagen fibers are 
separated by wide spaces. Fibroblasts are seen in the 
vessels. 
Micrograph of figure 42 at magnification x 40 shows 
only loosely and parallel arranged collagen fibers and 
fibroblasts. 
Figure 43 at magnification x 100, the visceral 
pericardium shows simple squamous epithelial lining which is 
broken at places. Subepicardial space shows blood vessels 
and nerves. Stroma shows loosely arranged parallel running 
collagen fibers. Fibroblasts are seen in the stroma. Stroma 
shows wide spaces. 
Light microscopic studies reveal the presence of simple 
squamous epithelial cell lining in abundance in all the 
specimens. This indicates existence of squamous epithelial 
cell layer in pericardial membrane. Fibroblasts are 
generally responsible for the fibers formation. The higher 
I I ? 
abundance of blood vessels (figures 34,35,37,41,42 and 43) 
may be related with those of passive diffusion of 
substances. Torres et al. (275) suggested that proteins 
covering mesentery represented the largest and most active 
area for transport since it is most richly supplied with the 
blood vessels. The substances placed in the pericardial 
cavity tend to equilibrate with the blood in passive 
diffusion mechanism. The closely packed collagen 
interspersed with fibroblast may be understood to provide 
mechanical support to the membrane and may help in 
understanding the histophysiology of metabolites through 
pericardial membrane. The transport studies across isolated 
mesentery suggest that the mesothelial cells do not 
contribute importantly to the transport of substances (276). 
Scanning electron microscopic studies 
The scanning electron micrograph (figure 44) shows 
surface fine structure of the superficial fibrous 
pericardium of the buffalo heart and the wavy bundles of 
collagen fibers on the surface. Scanning electron micrograph 
of the deeper aspect of the pericardium (figure 45) shows 
cris-cross bundles of fibers enclosing variegated space 
which appear dark against the white (electron dense) fibers. 
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At low magnification, a few large diameter fibers 
(figure <6) prominently seen amongst thin fibers forming a 
meshwork. The scanning electron micrograph, (figure Ul ) at 
high magnification depicts deeper part of the pericardium. A 
delicate feltwork of thin fibers and intervening electron 
scattering dark spaces can be noted. 
There are evidence that in certain disease processes 
like malaria, diabetes etc. the functioning of the affected 
organs may get altered during physiological limitation or 
pathological conditions. Scanning electron microscopic 
studies on placenta and ovary showed that malarial infection 
might be responsible for several structural changes in the 
surface morphology of these organs (263,277). Certain 
blocking agents are found to be the cause of secondary 
infection in serous membranes and can effect the histology 
of membrane by the formation of connective tissue and with 
the destruction of mesothelial cell membrane lining (278). 
Fig.34: Normal pericardium specimen under light microscope 
showing the presence of simple squcimous epithelium, 
sub-epicardial space, blood vessels and nerves. 
Photomicrograph stained with Hematoxylin Eosine 
X 40. 
Fig.35: Photomicrograph of pericardium showing the parietal 
layer which is broken at places and covered with 
adventitious layer. X100; Stained with HE. 
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